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Measuring Producers’ Advantage from 


Classified Pricing of Milk 


Dae Hee Song and M. C. Hallberg 


A method of assessing the degree to which classified pricing of milk has favored milk 
producers over time is outlined, and results of an application of this method to the 
1960—79 period are presented. It is found that prices for the different use classes of milk 
have, over this period, moved closer to consumer "optimal" prices rather than to 
producer '*optimal"' prices. Apparently the regulatory authorities in recent years have 
recognized less the need for farm income enhancement than the voice of consumer 


representatives. 


Kev words: classified pricing, dairy policy, price discrimination. 


In recent years the federal milk-marketing 
order program and the dairy price support 
program have been severely criticized for 
causing substantial welfare losses and trans- 
fers of income from consumers to producers 
(Ippolito and Masson, Masson and Eisenstat). 
Recent empirical work by Dahlgran and Bux- 
ton lends strong support to this argument. 
Dghlgran estimated the social cost (dead- 
weight losses plus costs of program adminis- 
tration) of these programs in 1976 to have been 
$131 million—slightly over 196 of the cash re- 
ceipts from farm marketings of dairy products. 
Dahlgran also estimated substantial income 
transfers as a result of these programs—$439 
million from fluid milk consumers to grade A 
milk producers, $366 million from grade A 
milk producers to manufactured dairy product 
consumers, and $200 million from grade B 
milk producers to manufactured dairy product 
consumers. Buxton, using a similar approach 
but a much less complex model, estimated the 
social costs of alternative federal order mini- 
mum Class I price differentials. Buxton held 
the impact of the dairy price support program 
constant; hence, his social cost estimates were 
much smaller than Dahlgran's. Buxton con- 
cluded that the implied transfer payments 


The authors are Senior Research Fellow at the Korea Develop- 
ment Institute, Seoul, and professor of agricultural economics at 
Pennsylvania State University, respectively. 

Paper No. 6245 in the journal series of the Pennsylvania Agricul- 
tural Experiment Station. 

The authors acknowledge the constructive suggestions and 
criticisms of Anthony Stemberger, James Rogers, and the Journal 
reviewers. 


caused by higher Class I differentials were far 
more significant than the social costs caused 
by higher Class I differentials. 

A major concern of dairy program critics 
revolves around the extent to which these 
programs have advantaged producers at the 
expense of consumers. The studies mentioned 
appear to justify this concern although each 
relates to a single year. In this paper we at- 
tempt to assess more precisely the extent to 
which milk producers have been so advan- 
taged. We do so for each year of the 1960-79 
period in order to establish the existence of 
some trend in producer advantage. 


The Conceptual Model 


To accomplish the objective of this paper, we 
estimate for each of the past twenty years, 
conditional upon the actual amount of milk 
available for processing in each year, (a) a set 
of prices for the various use classes of milk 
that would have maximized consumer welfare 
from consumption of this milk, and (5) a set of 
prices of the various use classes of milk that 
would have maximized milk producers' aggre- 
gate gross income. Actual prices and actual 
gross income are compared with the prices 
and gross income generated from these two 
solutions to assess the extent to which pro- 
ducers were advantaged by the dairy programs 
in each of the twenty years. 

We do not imply here that the two ‘‘opti- 
mal" solutions generated would have been ob- 
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served in the real world had the regulatory 
authorities actually set out to maximize con- 
sumer welfare or to maximize producers' 
gross income. Clearly the solutions generated 
here likely would not have occurred under the 
conditions specified because producers, upon 
learning that the rules of the game had 
changed, would respond by producing either 
less or more milk. For example, in a perfectly 
competitive world, where consumer welfare 
maximizing prices occur, grade A milk pro- 
ducers, producing in excess of the market's 
grade A needs, would be forced by the market 
to respond to the marginal value of that 
surplus milk rather than to the higher blend or 
average value to which they now respond 
under federal orders. Hence, we would expect 
a reduction in aggregate milk production. 
On the contrary, our objectives are less am- 
bitious. The question we address is, given the 
amount of milk actually produced in a given 
year, did the regulations in effect cause actual 
milk prices in that year to be set at levels 
consistent with those of either of the two ex- 
tremes or somewhere in between? Hence, the 
two ‘‘optimal’’ solutions to be generated are 
useful only for making this comparison. 


Maximization of Producer Income 


Suppose we have n use classes of milk and 
suppose that for each use class the annual 
farm level demand function can be written 


(1) Q; = a; + ZjbP,, 


where i,j = 1,2, ... , n; Qi represents con- 
sumer demand for milk used in the ith use 
class; and P, represents the farm price of milk 
used in the jth use class. 

Given the above demand functions, the 
price-quantity combinations that will maxi- 
mize aggregate producer gross income can be 
found by solving the quadratic programming 
problem: 


ous R = P,Q, = LPa, + XjbyP), 
subject to 

(3) a, + Zb P= Q for alli, 

(4) ZQ: = TQ, 

(5) P,, Q; = 0 for all i. 


If the solution to this problem yields positive- 
prices and quantities, then it is easily shown 
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by solving the Lagrangian problem that margi- 
nal revenues in all markets are equal. 


Maximization of Consumer Welfare 


Maximum consumer welfare is here defined as 
the maximum utility accruing to consumers 
from consumption of all use classes of milk. 
Hence, given the demand functions defined by 
equation set (1), the price-quantity combina- 
tions that will maximize consumer welfare can 
be found by solving the problem:! 


(0 Max U= z[ (A, + Z,B40)4Q., 


subject to 

(7) A, + ZjB4Q, = P, 
for all i, 

(8) 2,2; = TQ, 
(9) Py, Q = 0, 


where the functions, A, + 2,B,,Q,, in equation 
(6) are price-dependent demand functions de- 
rived from equation set (1). If the solution to 
this problem yields positive prices and quan- 
tities, then it is easily shown by integrating and 
solving the Lagrangian problem that prices in 
all markets must be equal. 


Model Specification and Generation of 
Optimal Solutions 


For this study, six different uses of milk were 
considered—butter, cheese, evaporated milk, 
fluid milk products, frozen products, and other 
dairy products. The various uses of milk were 
assumed to constitute separate markets, but 
the demand for one use class was assumed to 
be a function of its own price as well as the 
prices of all other uses. Thus, the farm-level 
demand functions were specified as 


6 
Qu = ay + by binP x, 

1 
where i,j=1,2,...,6;t=1,2,...,7; Qu 
represents the quantity of fluid milk equivalent 
(on a butterfat basis) used in the ith use class 
in year t; and py represents the farm price of 
milk used in the jth use class in year t. 


(10) 


! Whether or not this is the solution that will actually maximize 
consumer welfare (or, more appropriately, consumer utility) is 
debatable. It is, nevertheless, the nondiscriminatory, competitive 
solution. 
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The Qj, were derived by subtracting net ex- 
ports, net additions to government and private 
stocks, and military consumption from milk 
utilized in each class. This captures the purely 
commercial component of the domestic dairy 
market. The ‘‘effective buying price" of fluid 
milk (the price paid by handlers for fluid grade 
milk including any overorder premiums) was 
taken as the price of fluid milk products (P4); 
the Class II price in the Chicago Regional 
Federal Milk Marketing Order was taken as 
the price of milk used in frozen products (Pse), 
and the price of milk used in other products 
(Pg) is the price for that product most fre- 
quently having the lowest value—evaporated 
milk. Data regularly published by USDA on 
the price of milk used in butter, cheese, and 
evaporated milk was used for the price of the 
remaining use classes. 

Own and cross-price elasticities shown in 
table 1 were taken or derived from George and 
King and from Brandow. These constant elas- 
ticity coefficients were converted into the 
linear slope coefficients of equation set (10) 
consistent with each year's actual price/ 
quantity ratio. The intercepts of equation set 
(10) were then derived so that each year's 
actual price-quantity point would lie on the 
linear demand function for that year. 

_ Solutions to the revenue maximization prob- 

lem for each of the years 1960 through 1979 
were obtained with a quadratic programming 
algorithm much like that of Ladd and Upde- 
graff. These solutions were checked for realism 
by comparing the solution quantity levels with 
minimum consumption levels estimated from 
the 1965 USDA Food Consumption Survey 
(USDA)? Based on this comparison the solu- 
tion quantity levels appeared quite reasonable. 
Only in the case of evaporated milk did the 
solution quantity levels fall below the esti- 
mated minimum for some years, but never by 
more than 2%. 

The consumer welfare maximization model 
as specified above must be modified to reflect 


Table 1. Matrix of Price Elasticities at the Farm Level 
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the fact that milk used for fluid products is 
subject to higher quality standards and thus is 
more costly to produce than is milk used for 
manufactured products. Although the mag- 
nitude of this cost differential is subject to 
considerable debate, Frank, Peterson, and 
Hughes provide an estimate of 27¢/cwt for the 
year 1974. Accordingly, we constrained the 
model so that the price of milk used for fluid 
products would be 3% higher than the price of 
milk used for other products to approximate a 
differential of 27¢/cwt in 1974. 

It is frequently argued that, given the struc- 
ture of the dairy industry today, a higher dif- 
ferential between the two types of milk is jus- 
tified on the basis of additional and legitimate 
marketing services provided by cooperatives. 
The above model, however, is predicated on 
the assumption that the industry will, as a 
result of the forces of competition (or as a 
result of regulatory action), make plant loca- 
tion and behavioral decisions consistent with 
maintenance of the specified equilibrium 
prices. Hence, under the conditions of the 
model, no basis exists for a price differential in 
excess of the cost of production differential.? 


Empirical Results 


Actual and **optimal"" values of prices, quan- 
tities, and gross farm income for selected 
years are shown in tables 2, 3, and 4. The 
results indicate that producers' gross income 
could have been increased in each of these 


? As pointed out by an anonymous referee, the prices used in 
this study are FOB plant prices. Hence, our differential between 
fluid and manufacturing milk prices also should reflect the differ- 
ence, if any, between the cost of transporting fluid and the cost of 
transporting manufacturing milk to processing plants. It is con- 
ceivable that a positive transportation differential would exist 
under the competitive conditions of tbe model specified. We are 
aware of no studies which have established the level of this differ- 
ential even under existing conditions. In general, however, we see 
little reason to argue that this differential would be large enough in 
the aggregate to have any perceptible impact on the conclusion of 
this study. 














Evaporated Fluid Frozen 
Butter . Cheese Milk Milk Products Other 
Butter —.46086 .00153 .000386 .00678 .00105 
Cheese .00084 —.35214 —.00006 .00117 .00473 
Evaporated milk .00166 .00095 —.28090 -20127 .00065 
Fluid milk .00099 .00052 .00883 —.32395 .00035 
Frozen products .00056 .00554 —.00016 —.00086 —.45114 
Other 0 0 0 0 0 
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Table 2. Actual and ‘“‘Optimal’’ Prices in Cents per Hundredweight, 1960—79 


Weighted 





Evaporated Fluid Frozen Other 
Year Butter Cheese Milk Products Products Uses Average 
Actual Prices 
1960 302 308 305 548 315 305 421 
1965 322 318 313 536 333 313 423 
1970 452 461 428 693 466 428 565 
1975 754 758 733 995 772 733 866 
1979 1,071 1,085 1,054 1,332 1,101 1,054 1,185 
"Optimal" Producer Prices 
1960 144 266 691 830 181 230 458 
1965 166 272 739 792 200 234 456 
1970 246 417. 1,141 994 292 320 602 
1975 446 705 1,982 1,352 $13 604 907 
1979 665 1,044 3,038 1,778 TIS 913 1,233 
"Optimal" Consumer Prices 
1960 368 368 379 379 379 368 375 
1965 380 380 391 391 391 380 387 
1970 52] 521 538 538 538 521 531 
1975 826 826 851 851 851 826 841 
1979 1,145 1,145 1,181 1,181 1,181 1,145 1,164 





Note: The actual and 


years by a reallocation of the milk actually 
produced among the six use classes under a 
more discriminatory pricing scheme. This in- 
crease would have been possible had more 
milk been marketed in the butter, cheese, fro- 
zen products, and other dairy product markets 
at lower prices, and less milk marketed in the 
fluid market at higher prices. These results 
are, of course, consistent with the elasticities 
assumed here—demand elasticities for butter, 
cheese, frozen products, and other dairy 


"optimal" prices were recorded or calculated for all of the twenty years as is indicated in figures 1-6. 


products are slightly higher than that for fluid 
milk. 

On the other hand, had milk been priced to 
maximize consumer welfare, gross farm in- 
come would have been lower in each of the 
years indicated. This would have happened 
because of a decrease in price and an increase 
in the quantity of milk used in fluid products, 
and by an increase in price and a decrease in 
quantity of milk used in all other products. 
These results are in line with the relative de- 


Table 3. Actual and ‘‘Optimal’’ Quantities in Millions of Pounds, 1960—79 








Evaporated Fluid Frozen Other : 
Year Butter Cheese Milk Products Products Products Total 
Actual Quantities 
1960 30,696 13,219 5,012 58,500 9,186 6,496 123,109 
1965 29,020 16,695 4,324 58,843 10,312 4,987 124,181 
1970 24,155 21,476 2,896 54,176 10,816 3,488 117,007 
1975 20,023 26,577 2,433 52,478 11,694 2,129 115,334 
1979 19,500 32,396 2,019 51,521 11,533 6,654 123,623 
E "Optimal" Producer Quantities 
1960 38,178 13,834 3,743 49,342 10,930 7,082 123,109 
1965 35,591 17.518 3,083 50,389 12,154 5,446 124,181 
1970 29,303 22,156 1,791 47,323 12,625 3,810 117,007 
1975 23,845 27,190 1,442 47,143 13,448 2,266 115,334 
1979 22,957 32,779 1,086 46,762 13,060 6,978 123,623 
"Optimal" Consumer Quantities 

1960 27,570 12,326 4,362 64,488 8,355 6,007 123,109 
1965 26,587 15,565 3,787 64,134 9,510 4,598 124,181 
1970 22,418 20,496 2,558 58,249 10,077 3,209 117,007 
1975 19,129 25.749 2,253 55,015 11,159 2,030 115,334 
1979 18,866 31,770 1,905 53,478 11,161 6,443 123,623 
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mand elasticities for the various dairy prod- 
ucts. 

Of perhaps greater interest and importance 
is the relation of actual prices of milk used in 
the various dairy products and the weighted 
average price of milk to the two extreme sets 
of prices. This relation can be inferred for each 
of the six use classes from the data in tables 2 
and 3. Figures 1 and 2 show this relation 
somewhat clearer for the weighted average 
price and for the price of milk used in selected 
products. 

Some rather striking conclusions are re- 
vealed by' these comparisons. First, the win- 
dow between the weighted average price for 
producer revenue maximization and that for 
consumer welfare maximization is relatively 
small (less than $1.00/cwt). It has become 
progressively smaller over the twenty-year pe- 
riod (from 83g/cwt in 1960 to 69g/cwt in 1979). 
Second, the actual weighted average price, 
while slightly closer in 1960 to that price which 
would have maximized producer welfare, has 
since then moved progressively closer to that 
price which would have maximized consumer 
welfare, figure 1. In 1979, the actual weighted 
average price was only 21g/cwt above that 
price at which consumer welfare would have 
been maximized, but 48g/cwt below that price 
at which producer welfare would have been 
maximized. n 

Since the extreme prices were determined 
subject to the restriction that the total annual 
quantity of milk marketed in each solution 
equals the actual quantity marketed, the above 
statements also apply tó producer revenue. 
The columns of table 4 showing producer rev- 
enue under the two optimization schemes as a 
percentage of actual producer revenue puts 
this idea into clearer perspective. 

For milk used in butter, evaporated milk, 


Table 4. Producer Gross Revenue from the 
Sale of Milk under Producer Revenue Maximi- 
zation and under Consumer Welfare Maximiza- 
tion, 1960—79 


Under Producer 
Revenue Maximization 


Under Consumer 
Welfare Maximization 








% Deviation % Deviation 
Year $ Million from Actual $ Million from Actual 
1960 5,636 8.8 4,615 —10.9 
1965 5,658 a 4,806 —8.5 
1970 7,042 6.5 6,216 —6.0 
1975 10,153 4.8 9:210 -2.8 
1979 15,243 4.1 14,394 —-1.7 
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Figure 1. Weighted average price received by 
farmers for all milk, 1960—79 


and frozen products, the difference in cents/ 
cwt between the actual price and the con- 
sumer welfare-maximizing price has widened 
slightly over the twenty years (table 2). On a 


`- percentage basis, however, the actual prices 


for all use classes except cheese have become 
steadily closer to the price which would have 
maximized consumer welfare (figure 2). In all 
cases except cheese, the actual prices, even in 
1960, were closer to the consumer welfare- 
maximizing prices than to producer revenue- 
maximizing prices. 
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Conclusions 


This study has corroborated the results of 
some previous studies. Given the amount of 
milk actually marketed, prices of the various 
use classes of milk are not set to maximize 
consumer welfare. Hence, producer revenue 
is somewhat higher than if milk were priced 
more in line with consumer interests and there 
occurs a transfer of income from consumers to 
producers. 

On the other hand, prices of the various use 
classes of milk are also not set to maximize 
producer revenue. In fact, given the quantity 
of milk marketed in each of the past twenty 
years, milk prices have been closer to those 
that would maximize consumer welfare than 
to those that would maximize producer reve- 
nue. This is even more true today than it was 
in 1960 and may indicate that the regulatory 
authorities have, in recent years, recognized 
(a) less need for farm income enhancement, 
and/or (5) the voice of those speaking for con- 
sumers. The diminution in producer advantage 
noted here appears to be an empirical verifica- 
tion of theoretical arguments emanating from 
Stigler's theory of regulation as reformulated 
by Peltzman. . 

One of the frequently argued benefits of 
existing dairy programs is price and marketing 
stability (Dobson and Salathe and Hallberg). 
The relatively small implied consumer-to- 
producer transfers of the late 1970s resulting 
from classified pricing may be a small price to 
pay for the stabilizing aspects of classified 
pricing. It is less easy to make the same claim 
for the early 1960s. 


[Received January 1981; revision accepted 
August 1981.] 
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1920—78 


Emery N. Castle and Irving Hoch 


The research reported demonstrates that farm real estate price involves important 
components in addition to the capitalized value of rent for the services of land and 
buildings in farm production, develops an expectations model for the farm real estate 
market, and compares predictions from the expectations model with farm real estate 
prices for the 1920—78 period. Capitalized rent explains only about half of real estate 
values both in the 1970s and over the longer 1920—78 period. The remainder can be 
explained by the capitalization of capital gains, including real gains or losses from price 


level changes. 


Key words: capital gains, capitalization, capitalized value of rent, farm real estate 


prices, inflation effect 


This paper has three objectives: (a) to demon- 
strate that farm real estate price involves im- 
portant components additional to the 
capitalized value of rent for the services of 
land and buildings in farm production; (b) to 
furnish at least the rudiments of a model ex- 
plaining operator behavior in terms of expec- 
tations; and (c) to compare the results of the 
expectations model with actual agricultural 
real estate price behavior since the early 
1920s. 

To pursue these objectives, we show that 
capitalized rent generally explains only a por- 
tion of real estate value, amounting to roughly 
half the total both in the 1970s and over the 
long period 1920—78. Our expectations model 
attempts to identify and differentiate monetary 
components that a prospective investor uses 
in constructing an expected real estate price; 
we then estimate annual values for those com- 
ponents and employ their respective totals to 
predict actual prices. Here, our predictions 
are not very successful for the depression 
years, but they show considerable success 
thereafter.'We think this encourages further 
work along these lines. 

Our results add to a considerable literature 
(Boyne; Crowley; Hathaway; Hopkin, Barry, 
The coauthors are senior fellows at Resources for the Future, 
where Castle serves as president. 

Scott Simons, RFF research assistant, provided help in as- 
sembling the data employed in the research. Helpful comments on 
earlier drafts of this paper were received from C. B. Baker, Mar- 


ion Clawson, Pierre Crosson, Vernon Ruttan, Mark Sharefkin, 
and two anonymous reviewers. 


Baker; Johnson; Melichar; Plaxico and 


Kletke; Scott). 


Basic Thesis 


We see the typical prospective investor in 
farm real estate as forming an expectation of 
next year’s price. Then, if expected price ex- 
ceeds current price, he will want to buy real 
estate; if current price exceeds expected price, 
he will want to sell, or at least not buy, real 
estate. If all prospective investors behave in 
this fashion, a market change will be set in 
motion, and next year’s price will move to- 
ward the expected price. ° 

The expected price contains two major 
components, with an important subsidiary 
component. The first component is the 
capitalized value of the current year’s net con- 
tribution of real estate to agricultural income. 
We call this the earnings component; label it 
V, and measure it by the capitalized value of 
net rent obtained on owned real estate. Net 
rent is the pure return on real estate capital. 
The earnings component is identified in 
textbooks as the determinant of real estate 
value. 

However, we see additional factors affect- 
ing value, all of which are subsumed under a 
second component, called the real capital 
gains component and labeled V,. The value of 
V, is determined by all the forces which cause 
real estate prices to change relative to the gen- 
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eral price level, causing real growth (or de- 
cline) in real estate value. In particular, we see 
a prospective investor operating under the ex- 
pectation that real change in the per acre value 
of land and buildings is iP, where t refers 
to the current year and P, is this year's price. 
The term 1,4, is a fraction expressing ex- 
pected gain in price next year relative to cur- 
rent price. We now make the specific assump- 
tion that i, equals m, where 7n, is the frac- 
tion expressing real growth in the current 
year, obtained after accounting for change in 
the general price level. Finally, we posit that 
the investor treats this capital gain as income 
and that he further expects it to occur in per- 
petuity. He can then capitalize the stream of 
returns by dividing by the appropriate dis- 
count rate. The notion that capital gains are 
themselves capitalized may appear novel, but 
we will document its occurrence by applying 
discounting formulas in the hypothetical situa- 
tion of constant annual rent increases. 

A subcategory of V;, which we call the price 
level component and label Vs, is very impor- 
tant. It arises because general price level 
changes cause changes in the real value of 
debt. Unless interest rates correctly reflect 
changes in the price level and financial partici- 
pants correctly anticipate them, borrowers are 
better off and lenders are worse off when the 
price level increases; the opposite occurs 
when the price level declines. The purchase of 
real estate usually entails debt acquisition, and 
the change in the real value of debt can be 
viewed as a joint product of agricultural out- 
put. Debt can be valuable or costly in its own 
right, depending on the investor's expectation 
of change in the general price level. If valu- 
able, the purchase of real estate may be a 
prerequisite for the acquisition of debt, which 
could be the primary source of gain. Investor 
expectations about price level changes can be 
quite complex, but we will make the simplify- 
ing assumption that, for V3, the current rate of 
price level change, f;, is expected to continue 
indefinitely. Then, real gains or losses from 
debt acquisition will depend on D, debt àc- 
quired per acre of real estate, and on the dif- 
ference between f, and f*,, where f*, is a re- 
sponse to changes in the price level that is 
embedded in the interest rate. Again, we 
specify that annual gains or losses will be 
capitalized by an appropriate discount rate. 

Even though it is the product of price level 
change, the expected gain or loss expressed by 
V; is stated in real terms. Because V; does not 
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necessarily account for all real gains or losses, 
we treat it as a component of V}. This is be- 
cause V, accounts for all expected real 
changes in value. If there is a gain from acquir- 
ing real estate debt, knowledgeable investors 
will bid up the real estate price, increasing Vo. 

We use V to designate our total expected 
real estate value, the sum of V, and V,. It will 
often be useful to distinguish V; explicitly by 
writing V = V, + V*, + V,, where V*, = V,— 
V4, with V*, labeled the net sectoral com- 
ponent—the latter accounting for capital gains 
factors specific to the agricultural sector. Rut- 
tan argues that no one has successfully sepa- 
rated the impacts on land price of productivity 
increases, Opportunity cost in nonagricultural 
use, and general inflation (p. 898). Our com- 
ponents furnish a start towards that separa- 
tion, with V4 accounting for inflation and V*, 
for Ruttan’s remaining items. 


Underlying Economic Relationships 





From an accounting point of view, our expec- : 


tations model generates predicted values as of 
each year. However, each prediction corre- 
sponds to an economic scenario involving a 
predicted constant annual change in rent. For 
that scenario, the capitalization of capital 
gains can be demonstrated. Further, that 
scenario can be considered in more depth with 
standard factor market analysis. 

Consider a hypothetical situation where rent 
in the current year is R, having increased by a 
real amount, C, over the preceding year. As- 
sume that rent next year will be R + C, and 
that it will increase by C every year thereafter, 
in perpetuity. Hence, the future stream of re- 
turns to the landowner will be (R+ C), 
(R + 2C), (R + 3C), (R + 4C), and so on. If 
this stream is discounted to the present by an 
appropriate rate, J, the capitalized value is as 
follows (where the base year is 0): 


L(R*C.. R+20 (R + 3C) 

(G+ (1 + D? (14 I? 
(R+4C) , IE R+sC 
 -41* (üu-D" 


It can be shown that this expression sim- 
plifies to (R + C)/I + C/P.. In obtaining that 
result, we will make use of the relation 
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obtained from the standard discounting for- 


mula.! We can write our capitalized value as 
o 1 wo S 
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Intuitively, we can evaluate the second sum 
by grouping it as follows: 
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Algebraically, we can write that grouped sum 
as 
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Now apply the standard discounting formula 
to obtain 
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But this simplifies to 
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Collecting terms, we obtain V = (R + C)/I 
+ C/P, where (R + C)/I corresponds to our 


V, and C/f to our V,. Note that C/I fits the 
standard definition of capital gains, so that 


! The authors are indebted to Mark Sharefkin of Resources for 
the Future for this alternative proof: Since 
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e involves the capitalization of capital 
gains.? As a numerical example, consider R = 
10, C = 1, andJ = .1; then V = 11/.1 + 1/.01 
= 110 + 100 = 210. Though artificial, the 
example illustrates the significance of capital 
gains in capitalization. A prospective per- 
petual gain in rent that equals 1096 of current 
service flow accounts for roughly half of 
capitalized value. 

The upward shift of rent for farm real estate 
can emerge from demand or supply shifts, as 
in figure 1, or from some combination. (Figure 
I shows the first four of a long sequence of 
years.) The demand for real estate services 
equals value of marginal product (VMP), 
which will shift up because of an increase 
either in farm product prices or in the produc- 
tivity of farm real estate, as exhibited in the 
right-hand panel of figure 1. 

Supply shifts toward the origin also will in- 
crease rents over time, as shown in the left- 
hand panel of figure 1. A major reason for such 
shifts is increased opportunity costs. In- 
creases in nonagricultural demand for land, 
particularly for urban use, will drive land out 
of farming as long as its VMP is unchanged. 
For simplicity, we abstract from the building 
component of real estate and present supply as 
perfectly inelastic; however, our basic conclu- 
sions are unaffected if land supply has some 
but not perfect elasticity. The USDA esti- 
mates that during the past decade 28.7 million 
acres of agricultural land have been diverted 
to urban uses, including residences and high- 
ways (Dideriksen, U.S. Department of Ag- 
riculture 1977). While this amounts to only 396 
over the period 1968-77, or 0.3% per year, the 
prospect of conversion should influence the 
price of more acres than are, in fact, converted 
in any period of time. A small price increase in 
a given year can have a magnified effect if 
recurrence is expected over many years. 

Figure 1 also shows that current rent need 
not reflect future changes in market condi- 
tions. Current rent is obtained as the intersec- 
tion of S and VMP, since a producer will not 
pay more than the current value of marginal 
product for the use of the land. A prospective 
purchaser, however, should be willing to pay 
approximately the full capital value, knowing 
that he will receive an increasing stream of 


? This confirms Crowley's intuitive doubts of the classic argu- 
ment that it is a mistake to treat capital gains as income (p. 52). 
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"A break appears in the Q axis to convey the notion that the 
shifts occur over a very long time. 


Figure 1. Sources of increasing rent for ser- 
vices of farm real estate 


rents if the land is retained in agriculture or a 
corresponding capital amount if he sells. 

Though we have drawn figure 1 to exhibit 
expected increases in rent and consequent 
capital gains, our general formulation also en- 
compasses expected decreases in rent and 
consequent capital losses. Further, our model 
not only encompasses current and expected 
future productivity of real estate services in 
agriculture but also accounts for sources of 
capital value that bear no particular relation to 
agricultural productivity. They are a joint 
product with farm output. In addition to real 
gains from inflationary erosion or real losses 
from deflationary magnification of debt (V;), 
numerous other items can be identified, in- 
cluding expected gains or losses from changes 
in the rate of inflation (or deflation), govern- 
ment programs that help or harm owners of 
real estate without affecting productivity, and 
the tax advantages of financial gains received 
as capital rather than income. Returns in the 
form of capital gains can yield real benefits 
because taxes are paid on those gains only if 
the property is sold. Then they involve lower 
tax rates on income. As Plaxico and Kletke 
suggest, "unrealized"' capital gains can be 
viewed as a tax-deferred income stream (1979, 
p. 327). The capitalized benefits of all of these 
items are included in our V,. 


Making the Model Operational 


In this and succeeding sections, we employ 
the variables appearing in table 1, which is 
presented here for convenience. To apply our 
model, we make it operational by answering 
some technical questions. Several concern the 
appropriate interest rate. Here, our answers 
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depend on how we assume inflation (or defla- 
tion) affects a particular stream of returns. 

If an annual flow of funds does not inflate 
(or deflate) with the general price level, then 
the market interest rate, J,, is the proper dis- 
count rate to use in capitalization. (This as- 
sumes the market interest rate is in equilib- 
rium.) On the other hand, if the annual return 
does change with the price level, then the 
proper interest rate is an invariant ‘‘real’’ rate, 
which we label į and somewhat arbitrarily set 
at .05. We interpret i as the real internal rate of 
return or time preference.? 

The actual market interest rate on farm real 
estate loans varied between .04 and .0608 over 
the period 1920-66 (USDA 1941, 1972, Jul. 
1978b). Hence, the .05 assumption seems rea- 
sonable. 

Next, we assume that the market interest 
rate in period ¢ can be written J, = i + f*, + 
if*,, where f*, accounts for any incorporation 
of the change in the general price level, f,, into 
the interest rate. If f*, fully accounts for fi, 
then f*, equals f,. However, an inspection of 
interest rates suggests that in periods of infla- 
tion, f*, lags behind f, while in periods of 
deflation, f*, has a minimum value of —.01. 
Thus, J, is inflexible downward. The appropri- 
ate factor to apply in discounting is (1 + (1 + 


f) since ) is the present real 


(1 - D(1 * f, 
value of a dollar to be received a year from 
now. Consequently, the "'proper" market 
interest rate can be defined as (1+ i) (1 +f) — 
1 — if + if, which we label J;. Thus, if the 
market interest rate is .10, with į equal to .05, 
then f*, must be .0476. This follows from the 
relation .10 = .05 + .0476 + (.05)(.0476). If 
the rate of inflation is above .0476, then f*, has 
lagged behind f;. Note that J, = J, if f*, = ff, so 
J, can be interpreted as the equilibrium value 
for L. In short, a stream of fixed money values 
should be discounted by J, rather than /. In 
practice, however, discounting by / should in: 
troduce only modest error. 

Discounting a fixed money stream of returns 
by the proper market rate of interest (/ or J) is 
equivalent to discounting a corresponding net 
stream of variable money returns by i. This net 
stream would be obtained as a residual after an 
inflation (or deflation) component is sub- 


? This is not necessarily the ideal rate of discount for a particular 
individual, which should be the highest of the following: real 
internal rate of return; highest real rate of return from nonfarm 
investment; and real rate at which the farm entrepreneur will save 
from farm income. à 
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Table 1. Symbols and Definitions for Major 
Variables 
Symbol Definition 





B, Building costs on rented farm real estate, per acre. 

B, Building costs on owned farm real estate, per acre. 

D Debt on farm real estate, per acre. 

f Inflation rate (change in Consumer Price Index, 
expressed as a fraction). 

f* Price level component embedded in interest rate, 
measured as (/ — .05)/1.05. 


I Market interest rate (treated as equal to rate for 
new farm mortgage loans). 

i Real internal rate of return or time preference, set 
at .05. 


J Interest rate fully accounting for inflation or defla- 
tion: J = (1 + i)(1 * f) - 1. 
m Real growth rate in price of farm real estate: 


(PP) 7 1 fe 
P Price of farm real estate, per acre. 
R, Gross rent on rented farm real estate, per acre. 


R: Gross rent on owned farm real estate, per acre. 

R* Net rent on owned farm real estate, per acre, de- 
fined as R, — T, — B, + adjustment to account for 
sinking-fund depreciation, rather than straight-line 


depreciation. 

t Time subscript referring to current year; t — 1 re- 
fers to previous year, t + 1 to following year. 

T Last year in a time sequence for a stream of re- 
turns. 

T, Taxes on rented farm real estate, per acre. 


T; Taxes on owned farm real estate, per acre. 

y Expected price of farm real estate per acre. V, is 
formed in year t and used to predict P,,,. V = V, + 
V;. 

LA The earnings component of V; measured as the 
capitalized value of net rent on owned real estate 
per acre: R*,/i = R*,/.05. 

Va The real capital gains component of V, measured as 
capitalized value of capital gain, per acre: m,P;/I,. 

V* Vi — Vy the net sectoral component, basically 
accounting for factors specific to the agricultural 
sector. 

V; The price level component of V; measured as gains 
or losses from changes in the real value of debt, per 


acre: Dif — f*)/le 





tracted from the given fixed return and added 
to capital. Thus, the real value of capital is 
unchanged with price level change. If an in- 
vestor does not follow this procedure in prac- 
tice, then ‘he is consuming capital as well as 
interest. 

For V, we are concerned with discounting 
net rent, R*,. Net rent is defined as the service 
flow of real estate inputs net of taxes, depre- 
ciation, and operating costs. Because our ex- 
pectations model uses V; to account for real 
changes relative to general price level 
changes, it is proper to impose the expectation 
that farm product and factor prices, including 
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R*, change with the general price level. A 
rent of R*, this year will become (1  f)R*, 
next year. Hence, the stream of future rents 
can be discounted to the present by writing: 


R*,(1 + f) R*(- fy 
HDA [Qc D0 for 


R*«O + f)" 
[a+ DU +f] 


which simplifies to R*,/i as T goes to infinity. 

A fairly straightforward equation for V4 can 
also be developed, using the discount rate for 
fixed annual money returns. 

If a lender accepts the market rate of inter- 
est, I, in negotiating his loans, then a stream 
of $1.00 payments for T years is treated as the 
equivalent of a loan of S*,by the lender, where 

1 
* — 
SO 
tains a loan of S*, by promising to pay the 
$1.00 per year for T years, but the borrower 
discounts that stream to the present by apply- 
ing the proper interest rate, J,, to obtain $, 
1 

wh Ee Both 5*, and $ 
ere $$, | T+ yl t t 
are obtained by applying the standard dis- 
counting formula. Then the borrower has 
gained $*, — S, which is the amount borrowed 
minus his perceived actual value of the re- 
payment on that amount. Per dollar borrowed, 
the gain is ($*, — S,)/S*,. Hence, if D, can be 
borrowed per acre of real estate in year t, the 
gain per acre is D,(S*, — 5S)/5S*, in year t 
prices. We define this gain as V;. 

If the borrower further assumes that he can 
refinance the loan in perpetuity at.the initial 
terms, then T becomes infinite in the original 
expressions for S*, and S,. When those ex- 
pressions are entered in the equation defining 
V3, we obtain 


1 1 1 J,-1 
r= ilk =e 
° AG, Jdi L Pi J, 


- » [798 +9) 


Pneus 


yn. Say a borrower ob- 





(Note that if J, = .10 and J, = .12, then V; = 
.167 D,, which seems substantial. The V, 
formula is close to the result an investor would 
obtain by using the intuitive approach of treat- 
ing D,(f, — f*,) as his annual gain and then 
capitalizing by dividing by J, Denote the 
former result as V4.5 and the latter as Vay. The 
behavior of these rival estimates yields the 
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following conclusions. By definition, both es- 
timates become zero if f, = f*,. In practice, 
V4 is approximately 10% less than Van dur- 
ing inflationary periods, Thus, in our example 
of J, = .10 and J, = .12, the corresponding 
inflation factors are f*, = .0476 and f, = .0666. 
Hence, Van = (.0190/.1)D, = .190 D,. The 
difference between Van and Van is 12%. In 
deflationary periods, f, is negative. If f; is less 
than —.05, i.e., less than —i, then the original 
sum for Vau, goes to minus infinity. Then our 
summation formula becomes inapplicable. 
There are various ways around this difficulty, 
but all involve more complication than neces- 
sary at this stage of analysis. Instead, in the 
empirical application of our model, we 
capitalize by J, rather than J;, with only slight 
inaccuracy in inflationary periods, and with 
estimated finite financial losses in deflationary 
periods. It is true that during deflationary pe- 
riods for high enough absolute values of fifi < 
—.025), both Vp and V&n imply losses greater 
than owners' equity. In that event, the rational 
owner would let his property be foreclosed. 
The loss of equity (P, — Dj) would be the 
maximum loss sustained. Such a ‘'stop-loss’’ 
rule was applied in our empirical work. 
Turning to V3, recall that the real change in 
the per acre value of land and buildings in year 
t + 1 was assumed to be m,P,, where m, is a 
fraction measuring real growth in the current 
year relative to the previous year. We now 
make that assumption more explicit by writing 


P, — (1+ f)Po, + mPa, 


with m, defined by this relation. Our prospec- 
tive investor assumes that m, is invariant over 
future years. He further expects to receive a 
perpetual stream of returns of m,P, per year. 
We have not specified whether those returns 
are obtained in current or constant dollars. 
Different investors may well have different 
expectations. If they are obtained in current 
dollars each year (or in fixed money amounts), 
then the present value of the stream of returns 
is obtained by capitalizing by the equilibrium 
interest rate, J, paralleling V3. On the other 
hand, if the returns are obtained in constant 
dollars (or in fixed real amounts), then 
capitalization occurs by dividing by i (or .05), 
paralleling V,. Since V; is a major component 
of V4, we can argue that at least a large part of 
V; should involve capitalization by J. In prac- 
tice, we made the simplifying assumptions that 
all of the returns underlying V, ought to be 
capitalized by J, but that we could replace J by 
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I without much accuracy loss. The errors in- 
troduced by these assumptions are partly 
offsetting. However, in a marked inflation, 
the first error will probably be larger, under- 
stating V2. 


Measurement of Variables 


We now briefly describe data sources and 
measurement procedures. 

Direct measures of Z, Pe De ft, and m, were 
obtained from available published series; 7, 
was obtained from U.S. Department of Ag- 
riculture (USDA 1941, p. 597; 1972, p. 597; 
and from ESCS CD83, p. 22); P, was obtained 
from USDA (ERS 520, p. 2, and from ESCS 
CD83, p. 22); D, was obtained using scale fac- 
tors from Board of Governors of the Federal 
Reserve System (p. 72), applied to P,. The 
BLS Consumer Price Index was employed for 
f, and m, was derived from f, and the P, series. 
Our data spanned the period 1920—78. Since 
we made one-year predictions with V, predict- 
ing P4, the index f ran from 1920 to 1977, and 
t+ 1 ran from 1921 to 1978. 

The real estate variables consisted of U.S. 
average values per acre. We developed an es- 
timate of R*,, net rent per owned acre, from 
published series on the rental value of rented 
farm real estate.and building costs and taxes 
on owned real estate (see table 1 for the defini- 
tion of net rent). Rental payments were ob- 
tained from ESCS (Statist. Bull 6-9, p. 44; 
these were converted to per acre values using 
data on total acreage from U.S. Bureau of the 
Census, pp. 1-6; ERS 520, p. 2; and ESCS 
CD83, p. 4). Farm real estate taxes per acre 
were obtained from USDA (1953, p. 625; 1971, 
p. 498; 1977; and 1978, p.472). Total and per 
acre farm building costs, including repairs, 
operation, and straight-line depreciation were 
obtained from total farm acreage and ESCS 
(Statist. Bull. 609, pp. 46, 48). 

Since it is plausible that building input on 
rented real estate is less than on owned real 
estate, we somewhat arbitrarily accounted for 
this differential by multiplying rented real es- 
tate by 4/3 to compute an estimated rent on 
owned real estate. This assumes that building 
input on rented real estate was 0.40 of that on 


“If we capitalize by J when, in fact, we should use i, we 
understate V, because J is greater than i; but if we capitalize by 7 
when we should use J, we overstate V; because F is less than J. 

* Additional detail on measurement and results can be obtained 
from the authors. 
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owned real estate. This 4/3 scale factor 1s con- 
sistent with two side conditions: (a) a rate of 
return on building investment equal to the rate 
of return on land investment, and (5) the dis- 
tribution of real estate value of .75 to land and 
.25 to buildings, based on U.S. data in Hoch. 

We next subtracted taxes, building operat- 
ing costs, and building depreciation from rent 
to calculate a net rental figure. Building de- 
preciation in the published series was on 
a straight-line basis. It was converted to a 
proper sinking fund measure and subtracted 
from gross rent (along with taxes and building 
operating costs). This makes buildings, as well 
as land, an infinite life asset. Net rent can then 
be viewed as the perpetual annual return to 
real estate (in farm production) which a pur- 
chaser would obtain. Capitalization by divi- 
sion by .05 yields V;. 

Both adjustments to published series (scal- 
ing by 4/3, and using sinking fund deprecia- 
tion) tend to increase net rent, and hence, the 
earnings component contribution to total real 
estate value. 


Empirical Estimates and Predictions 


We tested our model by comparing expected 
prices derived from its application to actual 
real estate prices. 

Summarizing earlier results, our empirical 
estimates were computed from the following: 


V,, = R*,/.05, 
V, = m,P,/I,, 
Va = DAK, — F*) Me 
where f* Em (L = .05)/1.05, and 
V*, = Var — Vg. 


The capitalization factor, J, is a key param- 
eter. It was treated as equivalent to the market 
rate of interest (the rate on farm mortgage 
loans) despite some controvery on this ap- 
proach.$ 

We interpreted Vi, + V, = V, both as the 
expected price of our typical investor and as a 


* We measured market interest rates using rates on new farm 
mortgage loans by life insurance companies and the Federal Land 
Bank. For a discussion of alternative sources of farm mortgage 
credit, see Hopkin, Barry, and Baker. Some argue that the appro- 
priate capitalization rate is the rate of return available on other 
assets in the same risk class (Adams, Plaxico and Kletke, and 
Dunford). We use the market interest rate both because of estima- 
tion ease and because we doubt that farmers can easily transfer 
capital from farmland to other investments of comparable risk. A 
unique feature of real property investment is the extent to which it 
permits debt to be acquired. 
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prediction of market price. We established this 
correspondence to test our estimates as pre- 
dictions against actual values. However, there 
are some differences between the two which 
we discuss below. Finally, all components of 
V, and V, itself, were multiplied by (1 + f) 
because we were predicting P,,, on the basis 
of estimates for year t. Since the inflation (or 
deflation) rate, fj, was assumed to hold in- 
definitely, we converted year t expected val- 
ues to year t + 1 predictions by inflating (or 
deflating) them with f;. 

All of our estimates involved deflation to 
real terms. We first obtained an initial series of 
predictions in which V, and its components 
were in current dollars. Then, a further scaling 
was carried out to convert all results to con- 
stant dollars, using 1967 as the base year. 
Deflation was carried out in both steps. To 
clarify the point, consider a 1977 example. The 
1977 annual rate of inflation was .065. If one 
were to receive $1.25 in 1980, it would be 
worth $1.25/(1.065)?, or $1.035 at the 1977 
price level. The latter, deflated figure corre- 
sponds to our current dollar series as of 1977. 
However, the 1977 Consumer Price Index was 
181.5 on a 1967 base, so we converted to 1967 
dollars by dividing $1.035 by 1.815, which is 
$0.570. This corresponds to our constant dol- 
lars series. 

For selected years, table 2 presents annual 
V, values and their underlying components 
treated as predictions. Table 2 also shows cor- 
responding actual prices in constant dollars 
and ratios of expected price (Vj) to actual 
price. 

Deflated actual prices continously declined 
from 1921 (the initial year in table 2) uhtil after 
the start of World War II, reaching a minimum 
in 1942. Thereafter, a gradual increase oc- 
curred through 1968, followed by a slight dip 
until 1972. Then a marked acceleration oc- 
curred in subsequent years. 

Our predictions for individual years were 
typically very different from the actual values 
for those years (table 2). This is partly because 
our model is still in an early stage of develop- 
ment. To some extent, this also might reflect 
the basic difference between expectation and 
prediction, with expectation not necessarily 
an exact prediction. Instead, V, can be inter- 
preted as a signal to buy or sell, with the 
market only tending to move in the directions 
indicated. Even an improved model might 
yield expected prices displaying wider swings 
than actual market changes. A particular ex- 
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Table 2. Estimated Returns from Research from Different Types of Technical Change in the 











Forecast Yu Y, 

year, t + ] Vu Va Vy V, Pu Pu Pest 

1921 35.39 —161.63 248.36 122.12 121.27 0.292 1.007 
1926 25.14 ~71.40 23.58 —22.68 98.11 0.256 —0.231 
1931 2.70 81.03 —34.50 49.23 96.49 0.028 0.510 
1936 12.43 —21.64 34.44 25.24 77.11 0.161 0.327 
1941 18.16 — 41.93 23.61 —0.16 72.56 0.250 —0.002 
1946 80.29 105.74 38.09 224.12 90.60 0.886 2.474 
195] 64.85 —73.82 22.12 13.14 96.40 0.673 0.136 
1956 39.27 96.51 5.75 141.53 111.79 0.351 1.266 
1961 31.73 54.70 8.04 94.47 131.70 0.241 0.717 
1966 70.28 90.04 19.07 179.40 162.55 0.432 1.104 
1970 52.52 —54.26 45.46 43.72 167.67 0.313 0.261 
1971 52.60 —70.90 29.19 10.89 167.35 0.314 0.065 
1972 50.86 —14.13 10.27 47.00 174.78 0.291 0.269 
1973 106.83 91.85 2.23 200.91 184.82 0.578 1.087 
1974 196.91 79.12 51.04 327.06 204.47 0.963 1.600 
1975 158.58 148.05 118.09 424.73 212.78 0.745 1.996 
1976 120.56 30.14 65.84 216.54 226.98 0.531 0.954 
1977 85.57 140.16 17.44 243.16 247.93 0.345 0.981 
1978 67.96 209.46 47.61 325.03 250.77 0.271 1.296 





ample of this difference occurs in considering 
maximum losses and minimum prices. An in- 
vestor would view his maximum possible loss 
as equal to his equity, or D, — P,. From the 


. market point of view, however, the minimum 


price can be only zero and not a negative 
number. Rather than pay someone to accept a 
real estate transfer, property can be aban- 
doned. 

Our V, performs much more adequately in 
prediction when averages over time are con- 


sidered. Table 3 presents averages over de- 
cades and over all years. Table 4 presents 
ratios based on those averages, including both 
the ratio of V,,to Pa and of V, to Pa- Table 3 
includes averages for both current and con- 
stant dollar series while tables 3 and 4 both 
present the plausible variant in which all nega- 
tive values of V, were set at zero. 

Over all years, the current dollar average for 
predicted price per acre, V,, is close to that for 
the actual price ($102.69 being 92% of 


Table 3. Average Values of Predicted Price Components, Predicted Price and Actual Price, By 





Time Period 
* 
V, with 
minus values 
Period Vi V* Vy V, set at 0 Piri 
($, current [undeflated]) 

Decade 
1920s 11.25 —18.10 3.34 —3.51 13.35 54.00 
1930s 1.14 —3.05 —5.78 —7.69 6.30 35.30 
1940s 40.99 —31.77 50.33 59.55 62.93 46.90 
1950s 42.86 34.05 28.20 105.11 105.11 87.40 
1960s 51.39 73.85 16.17 141.42 141.42 , 146.50 
1970s 152.33 114.00 67.42 333.75 333.75 315.00 

All Years 48.90 27.48 26.31 102.69 108.30 111.76 
($, constant [deflated], 1967 — 100) 

Decade 
1920s 21.56 —33.37 4.83 —6.97 25.65 104.23 
1930s 1.97 —8.29 —14.60 —20.92 14.25 82.64 
1940s 68.20 —50.28 81.20 99.11 106.27 82.21 
1950s 53.38 42.00 34.42 129.80 129.80 107.41 
1960s 53.02 78.10 16.05 147.17 147.17 151.77 
1970s 99.15 62.17 43.02 204.34 204.34 204.17 

All Years 49.17 15.08 27.61 91.86 104.22 120.96 
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Table 4. Ratios of Average Values of 
Capitalized Rent and Predicted Prices to Aver- 
age Values of Actual Prices, by Time Period, in 
Deflated Dollars (1967 — 100) 


Predicted Price 
Measure: V,/P,., 











Capitalized With 

rent minus 

measure: Initial values 

Period Vil Pras Measure set at 0 

Decade 

1920s .207 —.067 0.246 
1930s .024 —.253 0.172 
1940s .830 1.206 1.293 
1950s .497 1.208 1.208 
1960s 349 0.970 0.970 
1970s .486 1.001 1.001 
All Years .406 0.759 0.867 





$111.76). When negatives are set at zero, the 
two become even closer ($108.30 being 97% of 
the P,,, average). However, the deflated dol- 
lar comparisons are not so close, with pre- 
dicted price equal to 76% of actual for the 
original V,, and 87% when minus values are set 
at zero. But it is clear from table 4 that the 
understatement reflects the very low predicted 
values of the 1920s and 1930s, which included 
many negatives. Though exaggerated, those 
predictions contain good advice. If a prospec- 
tive investor took them seriously throughout 
the 1920s and 1930s, he would have purchased 
farm real estate only in 1921, not returning to 
the market until 1944. The decade averages for 
V, in the 1940s and 1950s were roughly 20% 
above the corresponding averages of actual 
prices. The 1960s and 1970s averages closely 
approximated the corresponding actual price 
values. As predictions, the V, averages per- 
formed well over the last two decades. This 
suggests that real estate was undervalued dur- 
ing the 1940s and 1950s, slightly overpriced 
during the 1960s, and properly valued (to a 
precise degree) during the 1970s. 

For the original readings, with negative V 
not set at zero, the components of V as per- 
centages of V had the following average val- 
ues: 

Vv, Ve, h V 





(Percentage of Total) 


All Years 
Current dollars 47.6 26.8 25.6 100.0 
Constant dollars 53:5 16.4 30.1 100.0 
1970-78 
Current dollars 45.6 342 20.2 100.0 
Constant dollars 48.5 30.4 21.1 100.0 
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Differences between the current and constant 
dollar data reflect different weights attached to 
individual years. Current dollar measurement 
gives greater weight to years of inflated dol- 
lars. 

In all cases, the earnings component, V,, 
accounts for about half the total predicted 
value, with V*, and V; each accounting for a 
substantial (but variable) part of the remain- 
der. Over all years, V, had a somewhat larger 
share than in the 1970s. This is somewhat sur- 
prising, given the 1970s inflation, but explain- 
able by the relatively large values for V; in the 
1940s and the negative values for V*, through- 
out the 1940s.7 

We argued that capitalized rent falls consid- 
erably short of explaining farm real estate val- 
ues. This proposition receives strong support 
from the ratio of V to Pa in tables 2 and 4. 
For all years, the average value of the ratio 
was only 4096. Though some of this may be 
caused by the low rents of the 1920s and 
1930s, all other decade averages for this ratio 
were below 1.0; 1943-49 was the only ex- 
tended period when the ratio was near or 
above 1.0. In the 1960s, the ratio was around 
.35, and in both the 1950s and 1970s, the ratio 
was about .5. Hence, it is obvious that other 
forces are at work, and V*, and V; are first 
approximations of those forces. 

Agricultural real estate has been a highly 
attractive farm operator investment in recent 
years, with much of the attraction presumably 
related to the high and increasing levels of V*, 
and V4.3 In contrast, the pattern for V; in table 
2 suggests that the real cost of real estate as an 
input has shown little trend over the past two 
decades for the farmer who has also been a 
landowner with an average amount of real es- 
tate debt. The attractiveness of real estate as 
an investment may have reduced incentives 
for adopting land-saving practices and 
technologies. This helps explain larger ma- 
chinery (allowing more land to be utilized per 
worker), larger acreage per farm, increased 
acreage farmed by owners and part owners, a 


? Melichar interprets capital gains in agriculture as reflecting 
growth in current returns to production assets. This interpretation 
may correspond to an upward shift in productivity, which we see 
as one part of V;. However, it appears to neglect other sources of 
gain, particularly those embedded in Vs. 

* The relatively high proportion of value attributable to V*, and 
V, seems consistent with estimates of marked increases in the real 
value of land and buildings. Boyne estimates 1940-60 farm capital 
gains as $29.4 billion, with $25.6 billion attributable to real estate. 
Evans presents ESCS estimates of 1960—78 farm capital gains of 
$573.0 billion, with $428.0 billion attributed to real estate (p. 13, 
16). 
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decline in the acreage farmed by full tenants, 
and a much lower increase in land productivity 
than in labor productivity during the 1970s. 


Conclusions 


In extending our model, a variety of refine- 
ments and alternative formulations might be 
examined. We could make | variable, given 
evidence on shifts in time preference over 
time; and there could be attempts to account 
for variations in expectations between differ- 
ent groups of investors. Because V, is a com- 
posite, its further disaggregation would be an 
improvement. More complicated discounting 
techniques could be used, or we could assume 
that T was finite, or that m and f were vari- 
able.? Certainly, our poor predictions for the 
decades of the 1920s and 1930s suggest that 
investors expected that deflation would not 
continue indefinitely. In fact, we experi- 
mented with varying predicted f for a T of 25 
years, with an f; of .065 and an J, of .0935, 
their 1977 values. If f, is treated as unchanged, 
then V; is positive, and annual gains of $0.169 
are obtained per dollar of debt incurred. But 
an investor predicting that inflation would fall 
to .041 would calculate that V4 was zero; if he 
predicted that inflation would fall to zero, then 
V4 would be negative, with annual gains per 
dollar of debt at —0.474. A corollary is that 
debtors can suffer considerable losses if infla- 
tion is brought fully under control, which sug- 
gests political unpalatability in doing so. Fi- 
nally, we have worked with national data, and 
it is plausible that microdata covering a 
specific locale would be an improvement. 

Nevertheless, we believe our results are 
promising and support the following conclu- 
sions: 


(a) Recent increases in agricultural real es- 
tate prices cannot be explained on the basis of 
earnings in agricultural production alone. The 
capital value of farm real estate appears to 
involve considerably more than the capitalized 
value of current rents for its services in ag- 
ricultural production. It appears to include the 
capitalized value of a stream of expected fu- 
ture increases (or decreases) in rent plus capi- 
tal gains (or losses) not associated with ser- 
vice flows in agricultural production. 


* Our estimate of V, may understate the price level component 
by not fully accounting for the aggregate effect on land prices of 
inflationary psychology; that effect could be handled by increases 
in predicted f, and corresponding changes in m. 


Farm Real Estate Price Components 17 


(b) The exact connection between current 
rents and capitalized value can be severed. 
Current rents must reflect current value of 
marginal product, while capitalized value can 
pick up other sources of gain. Nevertheless, 
our work supports the conventional view of 
the capitalization process by extending and 
clarifying it. 

(c) Our approach measures the direct con- 
tribution of price level changes to real estate 
values. Those changes appear to have had sig- 
nificant impact since the 1920s (column 3 in 
tables 2 and 3). 

(d) Real estate has been an attractive farm 
operator investment, perhaps more because of 
changes in V*, and V; than V,. This probably 
reduced the incentive to economize in the use 
of land (columns 2 and 3 in tables 2 and 3). 

(e) Much remains to be explained about 
real estate price changes relative to other 
goods and services. Hypotheses include 
changes in product prices and factor produc- 
tivity, opportunity cost changes in nonagricul- 
tural land use, and gains from changes in 
financial variables. All merit careful study. 

(f) The model presented is a promising tool 
for investigating real estate prices in specific 
geographic areas as well as real property 
prices in urban areas. 

(g) It is incautious, if not foolhardy, to pre- 
dict the long-run values of the V components, 
although some might expect that V*, and V; 
ought to tend toward zero except in local areas 
experiencing urban expansion. However, our 
model does permit us to sort out these compo- 
nents and keep track of them over time. 


[Received August 1980; revision accepted July 
1981.] 
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Some Emerging Rights in Agricultural 


Land 


John B. Braden 


- Agricultural land use rights have become increasingly complex following new policies for 
soil conservation, nonpoint pollution control, wetlands protection, and farmland 
preservation, When viewed in a framework that distinguishes between ownership and 
exchange of rights, little change is evident in ownership of rights. The added complexity 
has come mainly in the rules governing exchanges. Farmers are confronted increasingly 
with rules which allow specific rights to be limited by government with compensation. 
These rules retain the flexibility of individual ownership while reflecting a growing 
awareness that the general welfare depends on wise use of agricultural land. 


Key words: land use, pollution, property rights, soil conservation, wetlands. 


Soil depletion and erosion, agricultural im- 
pacts on environment quality, and conversion 
of farmland to nonagricultural uses are prob- 
lems which have been with us for a long time. 
The urgency now attached to protecting wa- 
ter, land, and soil in the United States reflects, 
a growing concern that existing rural land in-, 
stitutions, most of which are not far divorced . 
from the concept of fee simple absolute own- 
ership, may be inadequate (Fischer et al.). 
Several new devices have been tried or pro- 
posed. The purpose of this paper is to set forth 
a framework within which present reform ef- 
forts may be understood and from which flow 
implications for changes which are appropri- 
ate according to legal and economic criteria. 


New Initiatives Affecting Rights in 
Agricultural Land 


As long as an abundance of unsettled useful 
land remained in the United States, separating 
conflicting activities was relatively easy and 
cheap. Fee simple absolute ownership of land 
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suited such a context well (Carmichael). As 
the population grew and the western frontier 
shrank, however, resclving conflicts increas- 
ingly meant limiting the rights of landholders. 
In the 1920s, zoning was approved by courts 
as a method of land use control. Since then, 
building codes, subdivision regulations, 
open-space controls, and expanded uses of 
eminent domain have been added as “‘official’’ 
tools for controlling land use (Nicholas Wil- 
liams). ''Unofficial' controls are exercised 
through property taxes, public works policies, 
various subsidies, and income tax policies 
which encourage specific land uses. 

Until recently, rural lands had been touched 
very little by these tools, except for property 
taxes, condemnations for roads, and agricul- 
tural subsidies. However, developments in 
four areas illustrate recent changes affecting 
rural lands—soil conservation, nonpoint pollu- 
tion, protection of wetlands, and farmland 
preservation. 


Soil Conservation 

Existing federal soil conservation programs 
largely reflect initiatives of the 1930s (Held 
and Clawson, Morgan, Parks). These pro- 
grams, administered by the Soil Conservation 
Service (SCS) and the Agricultural Stabiliza- 
tion and Conservation Service (ASCS), rely 
on the voluntary cooperation of rural landown- 
ers and users. Federal technical and financial 
subsidies for conservation efforts are directed 
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by local soil conservation districts and agricul- 
tural stabilization and conservation commit- 
tees, respectively. 

Land use regulation was viewed by the U.S. 
Department of Agriculture (USDA) as an im- 
portant ingredient of conservation programs 
from their inception. The SCS was authorized 
to make its delivery of services subject to 
compliance with state or local land use regula- 
tions. The model state soil conservation dis- 
trict law issued by the USDA in 1936 included 
provisions for districts to administer land use 
regulations for controlling soil erosion. How- 
ever, most states either do not extend this 
authority to districts or compel such regula- 
tions to pass stiff referenda (Craig Williams, p. 
379).! Where the authority has been available, 
few districts have employed it. Instead, the 
voluntary cooperation of land users or owners 
in USDA conservation programs is relied 
upon. 

In theory, the decentralized administration 
of federal soil conservation programs should 
help enlist participants and tailor federal assis- 
tance to local conservation needs. Neverthe- 
less, several recent studies (Comptroller Gen- 
eral 1972, 1973, 1977; Craig Williams) were 
highly critical of existing soil conservation pro- 
grams. In a survey conducted for the Comp- 
troller General's 1977 report, land which had 
been handled by districts and the SCS was 
found to be no less subject to erosion than 
other land. The ASCS and its committee sys- 
tem were criticized for allocating most cost- 
sharing assistance to projects which accom- 
plish more for farm production and income 
than soil conservation. A lack of coordination 
and cooperation between the SCS and the 
ASCS also was noted. 

Whether through administrative shortcom- 
ings, inadequate budgets (Benbrook, Craig 
Williams), or uncooperative landowners, soi] 
losses continued to exceed ‘‘tolerance levels” 
(Wischmeier and Smith) on about 5096 of U.S. 
farmland by 1977 (USDA 1978). The president 
and Congress responded by passing the Soil 
and Water' Resource Conservation Act of 1977 
(RCA; P.L. 95-192). In it the USDA was in- 
structed to appraise soil and water resources 
on nonfederal lands and to propose policies to 


! All states now allow rural zoning (Bock). Most rural land 
regulations are administered by county governments. In the 1930s 
ordinances were passed in some counties to authorize officials to 
undertake wind erosion control measures and add the cost to the 
landowner's tax bill. More recent examples of local land-use ordi- 
nances are described briefly by the USDA (19802, chap. 10). 
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further conserve and enhance these re- 
sources.? Three types of soil conservation pol- 
icies were considered for the RCA: (a) upgrad- 
ing current voluntary programs; (b) purchas- 
ing conservation performance; and (c) requir- 
ing practices or performance to assure conser- 
vation. The latter two options imply the iden- 
tification of new property rights in agricul- 
tural land—rights to lose soil and to exchange 
(sell) those rights. Problems of definition, al- 
location, and enforcement immediately arise 
with the identification of such rights. Iowa has 
made it ‘the duty” of its property owners to 
conserve soil (Iowa Code). Soil and water 
conservation districts in Iowa may establish 
regulations to require erosion control. How- 
ever, the state must provide financial assis- 
tance to persons forced by such regulations to 
control erosion. Movement toward defining 
rights to lose soil is already underway. 


Water Quality 


As awareness of nonpoint agricultural pollu- 
tion grew in recent years, the USDA 
broadened its conservation programs to en- 
compass pollution control measures (Craig 
Williams). In 1970, pollution abatement was 
added as a target of ASCS cost sharing. In 
1971, the Agricultural Conservation Program 
of the ASCS was renamed the Rural Environ- 
mental Assistance Program to signal a major 
change in program emphasis. The original 
name was restored in 1974. However, the 
major initiatives to address nonpoint pollution 
have followed from Section 208 of the Federal 
Water Pollution Control Act Amendments of 
1972 (P.L. 92-500). They have been directed 
by the Environmental Protection Agency 
(EPA). Since 1978, states have been under 
EPA notice to implement nonpoint pollution 
controls. By the summer of 1980, forty-seven 
states had formulated programs which met 
EPA approval. 

Most state programs rely on voluntary ap- 
proaches to nonpoint pollution abatement. 
However, twelve states have taken initial 
steps toward regulation of agrieultural non- 
point polluters (EPA, p.2). In most of these 


? In August 1981, too late for inclusion here, the USDA com- 
pleted its final report pursuant to the RCA. See USDA (1980b) for 
a draft of the summary report. Meanwhile, in the 1980 USDA 
appropriations bill (P.L. 96-108), Congress instructed the ASCS to 
confine its conservation cost-sharing activities to measures mak- 
ing significant and enduring reductions in erosion or pollution. 





Braden 


states, owners and users of agricultural land 
must formulate and follow soil erosion and 
sediment control plans. Soil and water con- 


servation districts, the SCS, and the extension ` 


service provide technical and educational 
support. Cost-sharing funds for implementing 
the plans (which specify appropriate ''best 
management practices” for controlling pollut- 
ants) are available from the Agricultural 
Stabilization and Conservation Service and 
from ten state governments (EPA, chart 1). 

Enforcing water quality regulations is espe- 
cially difficult for nonpoint pollution because 
extensive monitoring is required and compli- 
cated linkages between water quality and land 
use practices must be established (Walter, 
Steenhuis, Haith). Rather than conduct costly 
programs of routine assessments, most states 
which regulate agricultural nonpoint pollution 
enforce those regulations in response to com- 
plaints or to obvious and critical problems. 
Furthermore, many states focus their Section 
208 programs on sediment control because, 
compared to agricultural chemical pollutants, 
more is known about the effects of land man- 
agement practices on soil losses. The univer- 
sal soil-loss equation (Wischmeier and Smith, 
Wischmeier) provides clearly defined, scien- 
tific principles upon which to base program 
priorities and enforcement actions. Pennsyl- 
vania and Iowa, for example, require that ero- 
sion be limited to soil tolerance levels rather 
than basing their regulations on the water qual- 
ity impacts of soil losses. 

The implications for agricultural land use 
rights are clear. Rights to use land are being 
conditioned on effects that uses have on oth- 
ers, principally users of water and aquatic en- 
vironments. For example, the right to grow 
soybeans on the back forty is increasingly de- 
fined as the right to grow soybeans and lose 12 
tons of soil per acre and, in turn, drive up the 
turbidity of the nearby creek. Such refinement 
in the definition of land-use rights improves 
the social efficiency with which land is em- 
ployed. As our insight into physical nonpoint 
pollution linkages grows, we will become in- 
creasingly able to attach the relevant prices 
(or penalties) to these rights and, conse- 
quently, promote their efficient use. 


Wetlands Protection 


Another section of the 1972 amendments has 
become the foundation of federal programs to 
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protect wetlands.? Section 404 was amended 
in the 1977 Clean Water Act (P.L. 95-217) to 
assert federal authority over actions posing 
significant threats to virtually any wetland. In 
fact, even routine impacts such as temporary 
increases in sedimentation due to plowing of 
nearby fields are subject to regulation by the 
Army Corps of Engineers. Yet, specified rou- 
tine actions, including most common agricul- 
tural practices, are automatically permitted by 
the regulations (Myhrum). More significant 
actions, such as draining a marsh to make land 
tillable or interfering with a natural aquifer, 
must be under a permit issued by the Corps. 

In many parts of the United States, draining 
or filling wetlands has been a popular way to 
increase farm acreages or reduce impediments 
to farm machinery. Through its power to regu- 
late interstate commerce, the federal govern- 
ment has assumed the right to control any 
significant alterations or pollution in natural 
wetlands. Landowner rights have been re- 
duced correspondingly. Significant exter- 
nalities imposed by commercial activities on 
users of wetlands can be controlled within the 
new rights arrangements. 


Farmland Preservation 


As of 1979, 48 states and more than 200 coun- 
ties had enacted programs to encourage own- 
ers to keep land in agriculture (Wilson). Most 
state programs include preferential property 
tax assessments for farmland. Some states, 
rather than utilizing differential assessments, 
give income tax credits for property tax pay- 
ments. In a few cases, tax relief is tied to 
long-term agreements to keep land in agricul- 
ture. Farming is being viewed increasingly as a 
special class of land use. Several rationales 
have been offered for this new view (Gard- 
ner): (a) to assure food and fiber for growing 
national and world populations; (b) to main- 
tain viability in local agricultural economies; 
(c) to maintain open space and other environ- 
mental amenities; and (d) to promote more 
efficient and orderly urban development. By 
placing agricultural land in a special class, fur- 
ther steps can be taken to reflect the value to 
society of farmland retention and to redress 
policies (such as estate and capital gains tax 


3 To 1979, eleven states had enacted programs to protect wet- 
lands, using police power regulation (Myhrum). These state ac- 
tions were independent of federal wetlands regulations. However, 
the federal regulations may be administered in part by qualifying 
states. 
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provisions) that contribute to conversion to 
nonagricultural uses. As a result, new benefits 
are available to agricultural landowners. 
These benefits often are associated with new 
responsibilities. In Wisconsin, for example, 
farmland owners are eligible for an income tax 
credit for property tax payments only if they 
sign preservation contracts or are included in 
exclusive township or county agricultural 
zones (Johnson). 

Though Wisconsin's program is an extreme 
case, farmland preservation programs gener- 
ally create new opportunities for farmland 
owners. These opportunities are defined in 
terms of rights. Attached to these rights are 
benefits and obligations. In most state pro- 
grams, the obligations are imposed only on 
willing landowners. However, Wisconsin’s 
program and several others can lead to in- 
voluntary inclusion via zoning. The momen- 
tum of state programs is clearly toward requir- 
ing more obligations in return for rights to tax 
reductions and other benefits. Increasingly, 
owners of agricultural land will choose or be 
required to assume new opportunities and ob- 
ligations flowing from farmland preservation 
programs. 


A Property Rights Framework 


A more precise understanding of the nature 
and importance of property rights will help to 
explain the land use reforms described above. 
The framework developed by Calabresi and 
Melamed is helpful. In their framework, a 
right (‘‘entitlement’’) confers favor among in- 
dividuals or groups making competing claims 
to an object or privilege. It clarifies the rela- 
tionships among the competitors. Rights are 
the basic institutional ingredient in the alloca- 
tion of scarce resources. In defining rights, 
two matters must be decided: (a) initial own- 
ership (allocation) of rights; and (b) rules 
under which they may be exchanged. Collec- 
tive enforcement of both the initial allocation 
and the conditions for exchange is required if a 
legal system is to have meaning. 

The allocation decision, according to Cala- 
bresi and Melamed, must reflect accepted 
tenets of social relations, including distribu- 
tional equity and judicial consistency. Within 
these constraints, an entitlement should be 
made to the party best able to evaluate its 
social worth or, secondarily, to the party who 
can act most cheaply to correct errors in its 
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initial allocation (i.e., evaluate and initiate ex- 
change). Where competing parties are equally 
able to evaluate an entitlement and initiate 
exchange, where transactions are costless, 
and where income effects are negligible, the 
exchange equilibrium is invariant to the initial 
allocation of rights (Coase). In reality, income 
effects often are not negligible, and competing 
parties are not equally equipped to trade 
(Samuels, Mishan). An important case of un- 
equal trading abilities arises when an object or 
privilege has a collective dimension—many 
individuals have interests in its use. A farmer 
whose soil losses contribute to siltation of 
nearby streams and water supply reservoirs 
cannot contact all persons who use the 
streams or drink the water. Nor is he or she 
able to look beyond productivity losses to 
evaluate the social costs of the lost soil. On the 
other hand, a government acting on behalf of 
the citizenry may evaluate the external social 
cost and initiate transactions with the farmér. 

The second matter in assigning rights is the 
conditions of their exchange. Three options 
were noted by Calabresi and Melamed: (a) 
property rules, (b) liability rules, and (c) in- 
alienability. With property rules, consent to an 
exchange must be given in advance by all par- 
ties at an acceptable price, like market trans- 
actions. Beyond the government's presence in 
setting and enforcing rules of fair exchange, 
neither the price nor the willingness to ex- 
change is subject to direct government con- 
trol. 

Under liability rules, prior consent to an 
exchange is not required, and prices are set by 
an objective third party, such as a court. Dam- 
age claims following an auto accidertt illustrate 
transactions suited to liability rules. Govern- 
ment involvement is increased here, relative 
to property rules, because affected individuals 
are not likely to agree to a rate of compensa- 
tion without the threat of arbitration. In other 
situations, liability rules may be appropriate 
because many individuals with interests in a 
transaction are not efficiently represented in 
the market. Assessment and representation of 
those interests by an objective authority (gov- 
ernment) may be cheaper than negotiating 
separately with each one. This logic is behind 
eminent domain condemnation of property for 
public uses and in the levying of effluent 
charges. 

Finally, inalienability disallows exchange of 
specified rights under some or all circum- 
stances. The state controls both transactions 


Braden 


(by prohibitions) and prices (e.g., fines and 
prison terms). For example, free speech, bod- 
ily integrity, and freedom from peonage are 
protected in this way in the United States. 

In general, property rules are well-suited to 
exchanges for which social values are easily 
established and holdouts or freeloaders do not 
make evaluation unduly complicated. Liability 
rules are appropriate where many individuals 
are affected by a transaction and incentives to 
distort preferences are present. Finally, where 
collective values are so high that few individ- 
uals will want to pay the cost'of a transaction, 
inalienability is suitable. Inalienability also 
may be invoked in cases of overwhelming 
moral or ethical interests. 


Property Rights and Characteristics 
of Interactions 


Property rights must reflect relevant human 
values and characteristics of specific human 
interactions. Bromley identified six ‘‘attri- 
butes of human interdependence" which 
might be crucial in allocating and protecting 
rights: (a) the nature (e.g., irritating or life- 
threatening) of the impact; (b) the frequency 
of the impact; (c) third-party effects; (d) 
transaction costs; (e) whether or not a unique 
damage function exists; and (f) whether or not 
the impact is reversible. For example, interac- 
tions posing irreversible health risks to many 
individuals, such as the release of toxic pollut- 
ants into watercourses, are not amenable to 
private negotiation yet have high costs to soci- 
ety. Providing liability or inalienable protec- 
tion to the general public against such transac- 
tions is likely to be the least costly solution. 
Soil erosion, while involving many '' victims," 
does not pose the significant and immediate 
risks associated with toxic pollutants. In most 
states, farmers are now protected with prop- 
erty rules under which erosion control may be 
"purchased" through state or federal techni- 
cal and cost-sharing aid. Iowa's requirements 
for erosion control depart from the norm only 
by using liability rules; even there, the farmer 
is protected. 


Constitutional Limitations 


Efforts to tailor agricultural land use rights to 
human values and interactions are subject to 
constitutional limits. These limits define the 
line between legitimate government actions 
taken in the public interest and those that re- 
move or limit private rights without justifica- 
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tion (Bosselman, Callies, Banta). The three 
main powers used by governments to accom- 
modate the public interest are eminent do- 
main, police power, and power of the purse 
(Bock). According to the fifth amendment to 
the Constitution, eminent domain proceedings 
must entail “just compensation” for property 
taken for public use. 

Police powers are used to promote public 
health, safety, morals, or general welfare. The 
scope of police power has been described as 
being as broad as the public welfare or neces- 
sity. It is “one of the least limitable’’ gov- 
ernmental powers (Bock, p. 110). The tenth 
amendment to the Constitution allocates most 
police powers to the states. However, federal 
powers are rather broad. For example, federal 
powers over interstate commerce have been 
used to justify federal authority over wetlands 
and pollution (Finnell). Many powers are allo- 
cated in state laws to local jurisdictions. Zon- 
ing and other land use regulations rely on state 
police powers but are locally administered. 

Spending for voluntary conservation is a 
clear example of governmental fiscal powers. 
The property tax advantages given to agricul- 
tural landholders in many states and tax incen- 
tives for investments in pollution and erosion 
control equipment are other examples. 

Despite constitutional limits, much leeway 
remains both in defining the public welfare 
and, hence, legitimate public activities and in 
allocating powers among governmental units. 
Of particular importance is the constantly 
changing perception of constitutional lim- 
itations on public actions. This phenomenon is 
especially apparent in times of war and other 
crises, such as the dust bowl of the 1930s. It 
also is visible in long-term trends such as the 
continuing heightened public awareness of en- 
vironmental problems in recent decades. In 
general, as public affairs change, rights are 
reconsidered and adjusted to suit new public 
purposes. Rights in agricultural land are not 
immune from this process. 


Changes in Interactions 


One purpose of this paper is to explain some 
changes of rights in agricultural land occurring 
today. Those rights should be altered as 
human interactions or values relating to ag- 
ricultural land change and grow more complex 
(Carmichael). Apart from temporary crises, 
what forces impel changes in human interac- 
tions relating to land? 
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Economic relations involve consumption 
and production. The latter combines capital, 
labor, technology, and natural resources. 
Population composition and organization de- 
termines consumption demand. Hence, popu- 
lation composition, technology, and the natu- 
ral resource base determine patterns of human 
interaction. Of these population and technol- 
ogy are dynamic forces for change (Demsetz; 
Grove; Ruttan 1978, 1981). 

Population changes are significant in at least 
four ways: (a) À growing population contains 
more individuals with demands or rights which 
are collective in nature and increasingly costly 
to evaluate. (b) An increasingly affluent popu- 
lation will make its income effects felt. These 
may be quite different from the substitution 
choices of a static economy. (c) An increas- 
ingly urban population will value rights in ag- 
ricultural land differently from a society which 
is mainly rural. (d) Shifting coalitions alter the 
political balance. 

Technological developments generally en- 
able us to make better use of abundant factors 
of production while reducing dependence on 
scarce ones. Technological change also con- 
tributes to our growing understanding of all 
ramifications of production and consumption, 
in particular waste products and external im- 
pacts. 


Some Emerging Property Rights in 
Agricultural Land 


What has happened in recent years to prompt 
a reconsideration of rights to use agricultural 
land? Demographic changes have been impor- 
tant (Penn). They include (a) increases in na- 
tional and world population bidding for U.S. 
agricultural commodities, and (b) a decrease 
in the number of people having direct (own- 
ership or working) relations to U.S. agricul- 
` tural land. The first change will exert great 
pressure to increase U.S. agricultural produc- 
tion within the next fifty years (USDA 1980b, 
p. 14). It already has ended the days of abun- 
dant inexpensive farmland. The second devel- 
opment has diminished political power exer- 
cised by rural landowners. In addition, it 
means a larger proportion of the U.S. popula- 
tion is a “victim” of agricultural externalities. 
Internalizing those externalities imposes costs 
on nonfarm people indirectly at the grocery 
store. Together, these changes have increased 
social costs relative to private costs of farm- 
land use. The political power to deal with 
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these cost disparities has increasingly flowed 
toward nonfarm groups. 

Technological changes also have been 
important. Heavy use of chemicals, crop 
monoculture, and adapting land to the re- 
quirements of large machinery have led to 
chemical pollution, soil erosion and nutrient 
depletion, cultivation of marginal acreage and 
former wetlands, and destruction of terraces 
and other soil management devices. Hence, 
external costs have increased. At the same 
time, we have become better able to recog- 
nize, monitor, and evaluate external impacts 
of farming. We have far to go in assessing 
these impacts, but our current knowledge sug- 
gests the needed policy changes and the asso- 
ciated transactions costs. 


Soil Conservation 


Upgrading existing voluntary conservation 
programs entails no fundamental change in the 
means of protecting rights. Purchasing con- 
servation performance is illustrated by a num- 
ber of different proposals. One is to pay farm- 
ers to implement specific management prac- 
tices or, more ideally, to reduce soil erosion to 
tolerance levels. This approach entails a more 
significant exchange than under cost sharing; a 
right actually changes hands following a pay- 
ment to the landowner. The contractor (per- 
haps a state agency) would hold an enforce- 
able right for the duration of the contract. This 
kind of exchange requires an elaboration of 
property rules which govern rights to lose soil. 
However, neither a fundamental shift in the 
rules nor in the initial allocation is implied. 
Purchasing conservation performance already 
exists in the “long-term agreements” (three to 
ten years) which the USDA requires for some 
kinds of conservation cost sharing. Rather 
than stipulating minimum results to be at- 
tained, these agreements simply require that 
the investments be maintained. 

A second purchase option is ‘‘cross- 
compliance." Actually, there are two ap- 
proaches to cross-compliance (Benbrook): (a) 
The ‘‘green-ticket’’ strategy (also called 
"conservation incentives payments") would 
boost commodity price support payments for 
farmers who agree to undertake conservation 
practices. (b) The ‘‘red-ticket”’ strategy would 
penalize noncomplying landowners for exces- 
sive erosion by reducing or revoking commod- 
ity price support payments for which they oth- 
erwise would be eligible. This would not 
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change the rules governing soil erosion rights, 
but it would reduce their value. 

lowa's regulatory approach to soil erosion 
has changed the method of exchanging erosion 
rights but not their allocation. Owners or oc- 
cupiers of Iowa's land can be required to take 
Steps to reduce erosion, but financial and 
technical assistance must be provided by the 
state in such cases. The landholder remains 
entitled and is protected by liability rules 
under which partial compensation must follow 
interference with individual rights. Precedents 
exist, in a few soil conservation districts and 
counties, for more stringent government con- 
trols on rights to lose soil. However, these 
precedents do not appear to be affecting cur- 
rent changes in state and federal policies. 

The new generation of soil conservation pol- 
icies is not likely to shift rights in agricultural 
land dramatically. In most cases, they are 
likely to involve refinements in the definition 
of rights to lose soil and, in extreme cases, to 
govern exchanges of those rights with liability 
rules rather than property rules. A reallocation 
of rights away from landowners would entail 
prohibitively high costs of enforcement on 
every parcel of affected land. Individual land- 
owners can more easily initiate transactions 
over soil loss rights than governments. On the 
other hand, private values of erosion are now 
significantly divorced from social values. At a 
minimum, the disparity is cause to increase 
the private value of erosion. This could be 
achieved through cross-compliance or con- 
tractual payments. These options entail no 
fundamental changes in the allocation or pro- 
tection of rights. In practice they may require 
federal involvement, especially in cross- 
compliance. Another way of injecting a 
greater public interest in erosion rights is to 
shift to liability exchange protection, as Iowa 
has. This approach has the advantage of allow- 
ing.government to take actions where volun- 
tary cooperation is not forthcoming. Federal 
participation is not needed. Yet, rights holders 
are compensated for state actions that curb 
their soil erosion rights. 


Water Quality 


Programs to reduce agricultural nonpoint pol- 
lution involve several aspects of land use 
rights. Within the general structure of federal 
water pollution control statutes, states vary 
widely in their approaches to nonpoint pollu- 
tion. 
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One aspect is the application of chemical 
products. Rights to use some products, such 
as DDT, have been severely curbed. In effect, 
collective ownership has been asserted and 
exchange disallowed. These rights may be 
monitored at points of chemical production 
and distribution with modest transaction 
costs. 

A second aspect concerns soil and land 
management—tillage practices, contouring, 
crop rotation, etc. This is the’ main focus of 
Section 208 rules and guidelines. Transactions 
over rights to make these decisions would be 
quite costly. Each parcel of land has a unique 
potential for contributing to pollution. A real- 
location of rights away from landowners 
would be exceedingly costly to enforce. Most 
states have steered away from such a course, 
choosing to reemphasize and reinforce volun- 
tary programs. 

Most state water quality programs em- 
phasize sedimentation relative to other kinds 
of agricultural pollutants. Too little is known 
about many other agricultural pollutants (e.g., 
nutrients and organics) to allow a careful as- 
sessment of associated social costs and be- 
nefits. In such cases, states are under- 
standably reluctant to generate costly addi- 
tional information or to redefine rights without 
compelling evidence. The federal government 
has been gathering additional information on 
agricultural pollutants. As it becomes avail- 
able, states will be able to extend the refine- 
ment of farmland use rights as they affect pol- 
lution. Some refinements may involve non- 
property rules for exchange. However, where 
rights can be exercised only by individual 
landowners (as opposed, say, to chemical 
producers) the presumption toward individual 
ownership will remain. 


Wetlands Protection 


The destruction or pollution of wetlands is a 
problem with similar causes as nonpoint water 
pollution and soil conservation—more non- 
farm people exist to place value orf nonfarm 
uses of wetlands for hunting, fishing, and 
wildlife habitat. Advanced farming methods 
have made wetlands conversion desirable to 
farmers. The supply of wetlands has clearly 
declined. The marginal social value of wet- 
lands (e.g., for wildlife habitat) has greatly 
increased in response to these trends. 

The growing disparity between owners' and 
society's evaluation of wetlands has prompted 
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significantly more pronounced changes in 
rights than for soil conservation or nonpoint 
pollution. Section 404 of the Clean Water Act 
formally allocated to the federal government 
rights to control actions having severe or last- 
ing impacts on wetlands. Rights to control 
specific routine agricultural or other practices 
having moderate or temporary impacts on wet- 
lands were assumed by the government, but 
then reallocated to individual landowners. 
This arrangement recognizes the high costs of 
monitoring such activities. 

The rights held by the federal government 
are protected with property rules, with the 
government acting as the negotiating agent of 
the general public. An individual or group may 
apply for a permit to undertake a wetland al- 
teration project. Áside from application fees, 
applicants must provide assurances that the 
project does not impose undue social costs. In 
effect, payment for the permit comes from net 
social gains realized from the project. These 
presumably accrue mainly to the applicant. 

Why were wetland rights reallocated to 
government? One explanation is that en- 
forcement costs of such an arrangement are 
reasonable because (a) wetlands are relatively 
easily identified and much more limited in ex- 
tent than general agricultural land, and (5) the 
net reallocation did not include minor impacts 
which, if subject to permits issue, would clog 
administrative channels. Government could 
reasonably expect to monitor and enforce its 
major claims. Furthermore, anticipating wet- 
lands problems is more important than with 
soil erosion or nonpoint pollution. Wetlands 
conversion is often irreversible while erosion 
is usually gradual, and most pollutants biode- 
grade or ''flush out" of ecological systems. 
Vesting individuals with rights would not meet 
the anticipation problem. The government 
would have to know who was planning wet- 
lands projects and, under property rules, offer 
to pay the parties to forego the project or, 
under liability rules, invoke an injunction 
while paying compensation. A lower-cost ar- 
rangement, embodied in current regulations, is 
to place responsibility for initiating the ex- 
change of rights on individuals who seek a 
significant wetland alteration. 


Farmland Preservation 


Programs to preserve farmland concern ag- 
riculture as a general land use as opposed to 
management practices within agriculture. The 
major theme of farmland preservation pro- 
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grams is to enhance private values attached to 
agricultural land use rights. 


These programs, like those for soil erosion 
and nonpoint pollution, must contend with 
wide variation in local conditions. The high 
cost of centralized management and the en- 
forcement of rights to convert land to nonag- 
ricultural uses support the concept of indi- 
vidual ownership. Usually, property rules are 
employed to arrange exchanges. Landowners 
can accept or reject whatever tax relief plans 
are offered by state governments. With zon- 
ing, however, unwilling property owners can 
be caught in the majority's decision to estab- 
lish an agricultural zone. In such instances, 
rights may be taken away from unwilling land- 
owners. Tax relief is compensation in such 
cases with the transaction resembling private 
ownership of rights with liability rules govern- 
ing exchange. 


Conclusions 


Changes in rights exercised by individuals in a 
lawful society are a natural part of the social 
evolution. As the wants and needs of popula- 
tions evolve and as new technologies emerge, 
then social and private values attached to 
rights are bound to change. Rights in agricul- 
tural land are no exception to this process. We 
have seen great increases in the complexity 
with which these rights are defined. On the 
whole, society is well served by the liberal 
allocation of rights to farmland owners. The 
costs of monitoring and enforcing other ar- 
rangements would be prohibitive. Exceptions 
to this pattern are likely to occur where rela- 
tively little, easily identified land is involved, 
as with wetlands regulation. 

Much more change is apparent in the rules 
governing the exchange of rights. Where a 
reallocation of rights in response to new prob- 
lems would be too costly or inconsistent with 
prevailing judicial sentiments, liability protec- 
tions are attached to individuals’ rights. This 
provides a mechanism by which the public 
interest can be served while providing fair 
compensation to owners whose rights are ex- 
changed by fiat. It retains the flexibility of 
individual ownership and is consistent with 
the national ethic of maximum individual liber- 
ties consistent with the general welfare. It also 
reflects a growing awareness that the general 
welfare depends on wise use of agricultural 
land. 

[Received August 1980; revision accepted 
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Commodity Programs and Control Theory 


James W. Richardson and Daryll E. Ray 


The decision-making process for commodity programs in the United States is cast in 
terms of adaptive control theory, following the control framework outlined by Rausser. 
It is argued that the actual commodity program decision-making process can be viewed 
as a sequential multiperiod control problem and that multiple period, open-loop feedback 
control of a disaggregate policy simulation model can be used to assist agricultural policy 
makers. The empirical results present the first-round application of a suggested 
sequential use of control techniques and demonstrate the feasibility of applying control 
procedures to a multicommodity, agricultural policy simulator. 
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policy. 


Rausser’s recent Journal article adeptly 
frames the general policy evaluation problem 
within the adaptive control theory context. 
Rausser's general model incorporates uncer- 
tainty and learning as well as the integration of 
econometrics, systems analysis, simulation, 
and optimization. Adaptive control provides a 
general framework for optimal policy decision 
making in a dynamic setting. 

This paper focuses on the use of control 
methodology for commodity program adminis- 
tration. The actual decision-making process 
for setting commodity policy (or control vari- 
ables) is described using the passive learning 
version of adaptive control theory. To be of 
practical use, applications of this process 
should allow parameter change (via learning) 
through time and updating of other informa- 
tion. However, the adaptive aspects need not 
be prespecified by internal mathematical rela- 
tionships. Corrections can be based on infor- 
mation obtained from the actual system. A 
model-based control application is presented 
to illustrate a model which allows multiple 
controls. It includes the major agricultural 
commodities and could accommodate adap- 
tive learning in policy analysis. 
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professor of agricultural economics at Oklahoma State University. 
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Control Theory as a Concept 


Commodity program administration can be 
described broadly as an adaptive control prob- 
lem. The controls or policy variables are loan 
rates, set-asides, and target prices for major 
crops such as feed grains, wheat, and cotton. 
The state variables include information nor- 
mally found in supply and utilization tables, 
livestock production, prices, incomes, and 
other aggregates. Agricultural prices, net in- 
come of crop and livestock producers (or rate 
of return to farm resources), rates of food and 
general inflation, and treasury costs are possi- 
ble performance indicators of seleeted con- 
trols. Control variables are set to optimize a 
preference function or performance measure 
over the decision horizon. A multiperiod hori- 
zon is required because current control vari- 
ables affect, and are affected by, future levels 
of economic variables. Also, feed-price im- 
pacts of commodity programs on the livestock 
economy, consumer food costs, general infla- 
tion and other measures require time for reali- 
zation. Hence, the decision making process is 
a feedback control problem because informa- 
tion about the prospective state of the system 
over the entire planning horizon (say five 
years) influences, and is influenced by, the 
controls from the first through all periods of 
the decision horizon. 

As Rausser stresses, the decision-making 
process is full of uncertainties. Some of these 
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uncertainties are inherent to the agricultural 
production process, particularly domestic and 
worldwide weather. Other uncertainties relate 
to farmer and market responsiveness to an- 
nounced policies. Forthcoming information on 
crop yields, farmer response to announced 
policy instruments, and the accumulation of 
other data allow for passive learning, revisions 
of policy variable levels, and changes in farm 
policies in succeeding years. The relative 
weights on performance variable targets could 
be affected by inflation, trade balances, and 
government outlays. Thus, control values 
chosen in period 1 for each period in the plan- 
ning horjZon are based on the knowledge that 
corrections can be made in the future. The 
corrections made in period 2 (but covering 
periods 2 through T) are based on realized 
observations in period 1. Control variable cor- 
rections also reflect what has been learned 
about farmer and market responses to previ- 
ous control levels. Parameters can be reesti- 
mated prior to making annual corrections to 
take advantage of the additional data. The vari- 
ous analyses are recalculated, corrections are 
made in the control variable values through 
the end of the planning horizon, and policy 
variable values for period 2 are announced. 
This process is repeated annually throughout 
the remaining years of the planning horizon. A 
rolling horizon of length T is actually more 
relevant than a fixed or endpoint horizon. 


Control Modeling 


Although control theory provides a valuable 
conceptuat framework for summarizing the 
decision-making process, it is better known as 
a mathematical construct for controlling a 
scaled-down model of an actual system. A de- 
scriptive model of the (economic) system is 
selected or built, control variables are iden- 
tified, and a preference or criterion function is 
selected. The sophistication of the control 
mechanism used in analyzing a decision prob- 
lem depends on the nature of the problem and 
the decision-making process. The U.S. De- 
partment of Agriculture (USDA) periodically 
develops short-term (three to five years) pro- 
jections of supplies and utilizations for major 
U.S. commodities including prices, incomes, 
and other measures. Commodity specialists in 
USDA develop these projections using formal 
and informal forecasting models tempered 
with their own judgments. The projections re- 
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flect explicit assumptions concerning changes 
in population, per capita incomes, consumer 
preferences, export demand, technology (crop 
yields and livestock gains), other supply and 
demand shifters, and prospective commodity 
programs. These estimates provide reference, 
or baseline, data for policy analysis. 

From a control-modeling standpoint, the 
baseline data provide tentative paths for the 
controls and state variables over the T-period 
planning horizon, but without an explicit crite- 
rion or preference function. The existence of 
these baseline data suggests the use of a per- 
turbation control scheme. Using the baseline 
data as the regular or expected course of mo- 
tion for the agricultural system, a new course 
of motion can be obtained by perturbing the 
system with small changes in the policy vari- 
ables and tracing their impacts on the state 
variables. 

Following Rausser, the perturbation appli- 
cation would be adaptive if a mechanism is 
included which endogenously reestimates the 
joint density distribution of the model param- 
eters. Parameter reestimation is required for 
both passive and active learning formulations. 
With active control, the criterion function in- 
cludes terms which allow additional informa- 
tion on the parameters to influence the selec- 
tion of the control values (Rausser pp. 480-2). 

In this study, a T-period perturbation analy- 
sis is used, but parameter learning is presumed 
to occur outside the empirical model. The in- 
tent is to integrate control solutions into the 
existing information and policy-making pro- 
cess. The annual policy-making process be- 
gins with the development of a three- to five- 
year baseline by USDA analysts. The next 
step is the application of a multiperiod, open- 
loop feedback control model. The model uses 
perturbation analysis to rechoose control 
paths to optimize a specified preference func- 
tion. In general, each control value is 
influenced by expected future values of the 
state variables. For example, suppose the per- 
formance measure is penalized if annual end- 
ing-year stocks fall below specified Tevels. Se- 
lected values for loan rates, land diversions, 
and other controls for periods 1 through T take 
into account expected carryover levels in pe- 
riod T (and periods 1 through T — 1). Hence, a 
surge in expected exports the last two years of 
the planning period (due, say, to anticipated 
increases in real incomes of importing coun- 
tries) would affect control values over the en- 
tire planning horizon. 
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The remainder of this paper illustrates the 
initial round of activities suggested by the 
foregoing control interpretation of the com- 
modity program decision-making process. A 
multiperiod, open-loop feedback control 
model is used to assist the actual, adaptive 
policy-making process. This approach incor- 
porates the adaptive nature of the policy-mak- 
ing process without requiring the empirical 
model to be adaptive. 


Specification of the Control Problem 


The control formulation is written specifically 
for the first year's application of the adaptive 
policy-making process described in the previ- 
ous section. A corresponding specification 
would be used for each year's application with 
a rolling T-period planning horizon. The model 
contains nonlinear behavioral relationships 
and inequality constraints on both the control 
and state variables. A commodity disaggre- 
gated agricultural model, which allows cross 
commodity interactions, is used. Due to non- 
linearities, the model is solved in its structural 
(rather than reduced) form with a numerical 
optimization procedure. 

The objective of optimal control is to find 
control variable values that optimize the crite- 
rion function, taking into account the linkage 
between and among the control and state vari- 
ables.! Let N be the number of controls and K 
be the number of state variables. Let W be a 
real valued function of M of the state vari- 
ables, termed output variables; W provides a 
scalar measure of system performance for 
each period in the 7-period planning horizon. 

The general formulation can be stated as 
follows: find the N-dimensional control path 
that maximizes 


J- 5 Wlyx(T — i), re(t)], 


fm 


subject to 

yu(t) = Flys(t — i), xe(t — i), ux(t)], and 
uy(t)eRy(t), 

where i= 0, 1,2,..., T; ygisa K X 1 vector 


of output variables; rg is an E X 1 vector of 
parameter weights associated with the func- 
tional forms of the output variables; yy is a 


' Precise mathematical definitions of optimal control theory are 
available in Johnson and Rausser, Burt, Intrilligator, Dorfman, 
Chow, and Kirk. : 
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M x 1 vector of state variables (K is less than 
or equal to M); F is the mathematical system 
to be controlled; x, is aP x 1 vector of uncon- 
trolled exogenous variables; uy is an N x 1 
vector of controls, and Ry is the region to 
which the controls are constrained. Specifics 
on the behavioral model, the control variables 
and their constraining regions, and the crite- 
rion function are presented in the following 
sections. 

Numerous numerical optimization tech- 
niques are available for applying optimal con- 
trol theory to an existing mathematical model 
(Box; Fair; Kuester and Mize; Broyden; 
Swann 1972, 1974; and Goldfeld, Quandt, 
Trotter). The technique used in this study is 
Box's Complex Procedure. It was selected be- 
cause it can handle many control variables in a 
dynamic, discrete-time system, allows for 
open-loop feedback control, and permits non- 
linear inequality constraints on the controls. 
In addition, Complex has been used success- 
fully to optimize large-scale simulation models 
(Adelman and Steven; Friedman and Pinder; 
Mitchell and Kaplan; and Umeda, Nishio, 
Komatsu). 

Complex is a sequential search algorithm 
that maximizes a criterion function subject to 
constraints on the control variables. Initial 
control path values are selected at random 
from admissible ranges. These initial paths are 
used as input in a computer simulation model 
of the system being controlled to develop val- 
ues for the state variables and criterion func- 
tion. The control path associated with the min- 
imum value for the criterion function is re- 
placed and a new control path selected by 
reflecting the rejected control path through the 
centroid of the remaining control paths. If a 
new control variable violates its upper or 
lower bound, it is reset just inside the violated 
bound. The model being controlled is solved 
for the new control path to determine its asso- 
ciated values for the state variables and crite- 
rion function. Again, the control path corre- 
sponding to the minimum value for the crite- 
rion function is rejected and a new control 
path generated and tested. The process is re- 
peated until convergence is obtained. Con- 
vergence occurs when five successive evalua- 
tions of the criterion function are within a 
user-specified degree of accuracy. Since 
Complex is a heuristic search, one must re- 
solve the problem several times with different 
starting values for the controls to insure that a 
global optimal has been identified. (A source 
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listing of Complex is available in Kuester and 
Mize, pp. 368-85.) 


Model of the System 


A model of the agricultural economy useful for 
policy control analysis should include behav- 
ioral relationships for the major crop and live- 
stock categories and should explicitly incorpo- 
rate a wide array of policy instruments. The 
opportunities for substitution in crop produc- 
tion and utilization and lagged effects of crop 
prices on the livestock and consumer sectors 
preclude separate commodity-by-commodity 
analysis. 

The U.S. Department of Agriculture co- 
sponsored the development of a perturbation 
model which was used for this study (Ray and 
Richardson). The National Agricultural Policy 
Simulator (POLYSIM) includes the following 
crop and livestock categories: feed grains, 
wheat, cotton, soybeans, cattle and calves, 
hogs, sheep and lambs, chickens, turkeys, 
eggs, and milk. The POLYSIM model uses a 
reference baseline for the initial supply, utili- 
zation, and prices of these commodities. 
Changes are made in the policy instruments 
(loan rates, set-aside, target prices, etc.), and 


their impacts are traced through the system by : 


adjusting the individual baseline production 
and utilization values for percentage changes 
in prices, from their baseline values, weighted 
by own- and cross-price elasticities. The 
model begins by simulating the production of 
each livestock category as a function of lagged 
livestock and feed prices. Supply shifters such 
as herd ahd flock sizes implicit in the baseline 
for each year of the planning horizon are as- 
sumed to remain constant. Baseline prices for 
seven livestock categories are adjusted to re- 
flect the percentage change in livestock avail- 
able for domestic consumption, weighted by 
the George and King price flexibility matrix. 

Baseline values for harvested acres and 
yields are adjusted to reflect percentage 
changes in lagged crop prices and appropriate 
policy variables. Crop supply is the sum of 
production and carry-in. Prices for the crops 
are determined by the level of supply relative 
to expected demand. Actual quantity de- 
manded is a function of price and other vari- 
ables. It is assumed that demand shifters (such 
as population, per capita incomes) are un- 
changed from those implicit in the baseline for 
demands other than livestock feed. Livestock 
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feed demand is derived from livestock produc- 
tion, feed costs, and livestock prices. 

Several measures of aggregate farm income 
and government payments are computed by 
the model. Total receipts is the sum of cash 
receipts for all crops and livestock plus total 
government payments. Total government 
payments to farmers is the sum of set-aside 
payments, deficiency payments for all crops, 
and other direct government payments to 
farmers. Realized gross farm income is the 
sum of total market and government receipts 
and total realized non-money income, 
Realized net farm income is the difference be- 
tween realized gross farm income and total 
farm production expenses. After solving these 
identities, the model repeats the simulation 
loop for the next year in the planning horizon. 
The model is recursive because values calcu- 
lated in period ¢ are used as exogenous values 
in period £ + 1. 

The impacts of alternative policy variable 
levels on production and supply and utilization 
components for each commodity, as well as on 
aggregate farm incomes, consumer food ex- 
penditures, and government costs can be 
simulated with the model. The policy instru- 
ments include target prices, loan rates, alter- 
native Commodity Credit Corporation (CCC) 
buy-and-sell provisions, acreage allotments, 
voluntary or mandatory acreage set-aside or 
diversions, per acre payment schedules for 
voluntary acreage diversions, and acreage or 
production quotas. 


Control Variables and Boundaries 


The policy instruments used as control vari- 
ables are annual loan rates and voluntary 
acreage diversion levels for feed grains, 
wheat, and cotton over the 1978-81 period. 
The annual values of control variables for the 
three crops over the 1978-81 planning horizon 
amount to twenty-four controls. Where possi- 
ble, the Food and Agriculture Act of 1977 was 
used to designate feasible ranges or boundary 
constraints for the control variables. The 
lower boundaries for wheat and corn loan 
rates are set at the legal minimums specified in 
the 1977 Act (table 1). The upper boundaries 
are the estimated target prices initially au- 
thorized by the 1977 Act. The maximum set- 
aside acreage levels were set at 35% of the 
1977 harvested acreages for wheat and feed 
grains and at 2896 of 1977 harvested acreage 
for cotton (table 1). 
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Table 1. Feasible Ranges for the Control 
Variables, R,(f) 











Wheat Corn Cotton 
Year Lower Upper Lower Upper Lower Upper 
Loan Rates^ 
-=== ($/bu.) ------- - ($/b.) - 
1978 2.00 3.00 175 2.10 .37 52 
1979 2.00 3.16 1.75 2,21 .37 52 
1980 2.00 3.34 1.75 2.34 37 58 
1981 2.00 3.52 1.75 2.47 37 61 
Effective Annual Acreage Diversions” 
——————---- (million acres) ----------- 
1978-81 0 14.9 0 22.6 0 1.9 





5 The lower limits for wheat and corn are specified in the Food and 
Agriculture Act of 1977. The proportion of minimum to announced 
1977 Joan rate for wheat was used for cotton. Upper boundaries 
are estimated target prices. 

^ The upper limits for cotton are based on 1977 harvested 
acreages, the maximum cotton set aside allowed by the 1977 Act, 
and a 4096 slippage rate. After accounting for slippage and crop 
differences, the effective diversion limits are set at 1796 of 1977 
harvested acreage for cotton and 2196 of harvested acreages for 
wheat and feed grains (corn, grain, sorghum, oats and barley). 
Slippage is the portion of diverted acreage that does not result in 
reduced production. 


Criterion Function 


One of the most challenging aspects of using 
control theory for policy analysis is choosing 
an appropriate criterion function (Burt). The 
sum of consumer and producer surplus pro- 
vides a direct measure of social value. How- 
ever, for this study we decided to optimize a 
function consisting of key variables policy 
makers are accustomed to working with. This 
approach has been used by Rausser and 
Freebairn (1974a,b), Bray, and Livesey. The 
state (or output) variables included in the cri- 
terion function are (a) two farm income vari- 
ables (which are conditionally maximized), 
(b) government farm program expenditures, 
(c) consumer food costs, and (d) ending-year 
stocks of feed grains, wheat, and cotton (to 
represent taxpayer and consumer interests). 
Realized net income and net returns to live- 
stock producers are the farm income variables 
conditionally maximized.?^ Government ex- 
penditures for direct payments to farmers and 


? Net income for all livestock (about $18 billion per year) is 
included in the performance measure to prevent the control mech- 
anism from increasing net income for the crop sector without 
regard to the livestock sector. Farm programs that support feed 
prices at high levels result in high costs of feedstuffs, which 
immediately reduce the net incomes for livestock producers caus- 
ing cutbacks in livestock production in the following years. 
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for CCC interest and storage cost appear sepa- 
rately in the criterion function. Identification 
of the eight output variables in the criterion 
function corresponds to the first of a three- 
stage specification approach suggested by 
Rausser and Freebairn (1974b). 

The second stage of the Rausser-Freebairn 
approach is to specify the mathematical form 
of the criterion function. A widely used form is 
Theil’s quadratic preference function. With 
Theil’s criterion function, the control path is 
selected which minimizes the deviations be- 
tween targeted and realized output values in 
the ith period. However, Friedman points out 
that policy makers typically recognize politi- 
cally acceptable ranges on output variables 
rather than target values (pp. 183-91). He 
proposes a piecewise quadratic function 
where the targeted values are replaced by 
politically acceptable upper and lower bounds. 
The criterion function selected for this study 
maximizes farm income subject to constraints 
imposed by a piecewise objective function for 
the included non-income output variables. The 
criterion function can be expressed as: 

if the lower bound of the specified range is 
violated— 


(1) iin (t) = r'a(Olys(0) — Ib. (OP, 
and Ju, (t) = 0; 


if the upper bound of the specified range is 
violated — 


(2) jus (t) = r'n(t)|Ym(t) Eee! ub,,(t)|*, 
and Jl, (t) = 0; 


(3) maximize J — 5 {nfy(t) + nly(r) 


tel 


+ S Us) Jus]: 


where r’,,(t) and 7’,,(t) are weights for output 
variable y, violating its lower and upper 
boundaries, /b,, and ub,, respectively, in pe- 
riod t[r m(t) and r",(r) are two elements in 
the E X 1 vector r as defined earlier for the 
t-time period]; nfy(t) is the level of realized net 
farm income in period t, and nly(t) is the level 
of net income for livestock producers in period 
t, defined here as total livestock cash receipts 
less variable production expenses for live- 
stock. The positive sign preceding the interior 
summation in (3) is used to accommodate both 
positive and negative rm values in (1) and (2), 
thus making the summation decrease the value 
of J if rm is less than zero and increase the 
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value of J if r, is greater than zero. No ranges 
are specified for the income variables (nfy and 
nly). With both maximization and penalty 
terms included in the criterion function, a con- 
strained maximization occurs. If the weights 
associated with the penalty terms are not 
overwhelmingly large, the constraints may not 
be absolute. They may allow trade-offs among 
constraints and variable levels being 
maximized. 

The final stage in specifying the criterion 
function is to estimate parameter weights for 
the output variables [r m(t) and r",(r)]. Bray 
suggests that the parameter weights may be 
determined in interviews with decision makers 
and planners. Rausser and Freebairn (1974b) 
include Bray's method and add two others: (a) 
the indirect (or revealed preference) ap- 
proach, which involves study of past decisions 
and (b) the arbitrary approach, in which the 
analyst simply assigns values for the param- 
eter weights based on his/her understanding of 
the system. With the criterion function used 
here, the analyst also must identify ranges of 
acceptable values for the output variables for 
each period. This is less demanding than alter- 
native formulations which require single-val- 
ued targets. 

Hypothetical ranges and parameter weights 
for the output variables used in this study are 
in table 2. The ranges and parameter weights 
only illustrate plausible values for agricultural 
policy analysis. The parameter weights prob- 
ably are not constant overthe planning horizon, 
but for simplicity of demonstration are as- 
sumed so. The true weights could be either a 
function of time or nonlinear. 

Baseliné values for consumers' total expen- 
ditures for food, estimated by commodity 
analysts in USDA, are used as lower bound- 
aries, lb¿(t). The upper boundaries, ub3(t), are 
set at 10196 of the baseline values. The 


baseline assumes a per capita increase in food © 


expenditures of 3%-4% per year so the 1% 
increase for the upper boundaries results in an 
acceptable annual increase of 496—596 over the 
planning horizon. 

The illustrative parameter weights for con- 
sumers' total expenditures for food, below and 
above the designated ranges, are +2.0 and 
—2.0, respectively. The weight of —2 for the 
upper boundary suggests that.a policy result- 
ing in a $1 increase in total consumer food 
costs would have to be accompanied by a $2 
increase in farm income to maintain total satis- 
faction for society, ceteris paribus. The +2 
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weight for the lower boundary implies indif- 
ference to a $2 decline in farm income if con- 
sumer food expenditures increase by $1. There- 
fore, the level of the performance measure 
increases when policy actions lead to reduced 
food costs and unchanged or higher net farm 
incomes. Weights outside the range of +1 
were selected to recognize the lobbying 
strength of consumers relative to representa- 
tion of production agriculture. Ideally, the 
weights should reflect society's marginal rate 
of substitution between net farm income and 
food costs. 

The lower boundaries for direct government 
payments to farmers /b,(t), are set at the 
baseline estimates of government payments 
for miscellaneous farm programs, which ex- 
clude deficiency and diversion payments for 
wheat, feed grains, and cotton. Upper bound- 
aries, ub,(t), are set at $3,700 million. The 
designated range for CCC storage and interest 
cost is zero to $600 million. The upper value 
equals the estimated storage and interest costs 
for holding 30 million ton feed grain and 600 
million bushel wheat reserves.) The same pa- 
rameter weights are used for both government 
expenditure variables, 0.0 and —1.5 for the 
lower and upper boundaries, respectively. The 
upper boundary weight was set less than — 1.0 
to discourage maximizing net farm income by 
simply increasing government payments to 
farmers. Theoretically, the weights should 
represent taxpayers' marginal disutility of a 
dollar of government expenditure in excess of 
the upper boundary. 

The criterion function also includes year- 
ending carry-overs of feed grains, wheat, and 
cotton. Lower boundaries for stocks are set at 
30 million tons of feed grains, 600 million 
bushels of wheat, and 2 million bales of cot- 
ton. Upper range boundaries are arbitrarily set 
at twice the lower boundaries. 

Upper boundary parameter weights for end- 
ing year carry-overs are estimated to be the 
costs to-society associated with a ''surplus 
carry-over.” The cost to society of surplus 
carry-over is the sum of direct costs (interest 
and storage charges) and the opportunity costs 
for the resources used to produce the surplus. 
The opportunity cost to society for surplus 
carry-overs is theoretically the area under the 
supply curve of the excess production. It is 

3 The CCC reserve levels are based on values reported by 
Waugh, and Tweeten et al. Waugh recommends a feed grain 
reserve of 30 to 40 million tons and a wheat reserve of 550 to 600 


million bushels. Tweeten, Kalbfleisch, and Lu recommend a 
wheat reserve of 600 million bushels. 
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Table 2. Assumed Upper and Lower Boundary Levels and Their Respective Weights for Output 











Variables 
Projected 
Values 
by CED Parameter Weights 
Commodity 
Analysts Acceptable Range Lower Upper 
(Baseline Boundary . Boundary 
Output Variables, for Years, Values) Ib. (t) ub, (t) [r'(t)] [rnt] 
Consumers’ total expenditures = = — ----------- ($ mill.) ------------ 
for food (m = 3) 
Year 1 188,300.0 188,300.0 190,183.0 +2.0 -2.0 
Year 2 196,800.0 196,800.0 198,768.0 42.0 -2.0 
Year 3 205,000.0 205,000.0 207,050.0 12.0 -2.0 
Year 4 214,000.0 214,000.0 216,140.0 42.0 —2.0 
Total government payments 
to farmers (m = 4) 
Year 1 3,019.0 850.0 3,700.0 0.0 -1.5 
Year 2 3,549.0 850.0 3,700.0 0.0 -1.5 
Year 3 4,712.0 850.0 3,700.0 0.0 -1.5 
Year 4 5,850.0 850.0 3,700.0 0.0 -1.5 
Total CCC interest and 
storage costs (m — 5) 
Year 1 150.0 0.0 600.0 0.0 -1.5 
Year 2 310.4 0.0 600.0 0.0 -1.5 
Year 3 452.0 0.0 600.0 0.0 -1.5 
Year 4 599.0 0.0 600.0 0.0 -1.5 
Ending year stocks of feed =  — ---------- (million tons) ---------- 
grains (m = 6) 
Year 1 70.4 30.0 60.0 — 104.0 -82.5 
Year 2 82.6 30.0 60.0 —104.0 —82.5 
Year 3 87.5 30.0 60.0 — 104.0 —82.5 
Year 4 89.3 30.0 60.0 — 104.0 —82.5 
Ending year stocks of wheat = --------- (million bushels) --------- 
(m= 7 
Year ] 1,539.0 600.0 1,200.0 —3.4 —2.8 
Year 2 1,827.0 600.0 1,200.0 —3.4 -2.8 
Year 3 2,112.0 600.0 1,200.0 —3.4 -2.8 
Year 4 2,374.0 600.0 1,200.0 —3.4 —2.8 
Ending year stocks of cotton — ^ ---------- (million bales) ---------- 
(m = 8) 
Year 1 4.3 2:0 4.0 —284.8 —268.6 
Year 2 4.2 2.0 4.0 —284.8 —268.6 
Year 3 4.5; 2.0 4.0 —284.8 — 268.6 
Year 4 4.1 2.0 4.0 —284.8 — 268.6 





* Baseline values were developed by the USDA based on information available July 1977. 


assumed that the marginal production cost for 
excess carry-over is the crop’s loan rate. 
Using the announced loan rates in the 1977 
Act and the appropriate interest and storage 
charges, the costs to society for surplus 
carry-overs of feed grains, wheat, and cotton 
m(t), m = 6, 7, 8] are, respectively, —$82.50 
per ton, —$2.80 per bushel, and —$278.60 per 
bale. 

The lower boundary parameter weights for 
carry-overs should be larger (absolutely) than 
the respective weights for stocks exceeding 


the designated carry-over ranges. As ending 
year stocks become smaller, their value to so- 
ciety increases. The lower boundary param- 
eter weights [r’,,(t)] for feed grain, wheat, and 
cotton ending year carry-overs are —$104.0 
per ton, —$3.4 per bushel, and —$284.8 per 
bale, respectively. The lower boundary pa- 
rameter weights reflect higher storage costs 
than the upper boundary weights. This ac- 
counts for society's increased marginal value 
of holding reserves in the face of relatively 
tight supplies. 
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Commodity Program Assumptions 


The commodity program assumptions and 
baseline data for the illustrative control appli- 
cation were based on information available in 
mid-1977. Target price and loan rate provi- 
sions of the 1977 Food and Agriculture Act 
were drawn upon, although the act had not 
been passed at the time of the study. Con- 
gressional specification of the farmer-held 
grain reserve was not complete and was not 
included in the baseline data or the control 
analysis. 

Loan rates and land diversion levels, which 
are set at the administration’s discretion 
within statutory limits, are the control vari- 
ables. Other assumptions also are required in- 
cluding payment rates for voluntary acreage 
diversion, slippage rates for diverted acreages, 
participation rates, and similar program vari- 
ables.* Values for these variables are given in 
table 3. Target price assumptions are taken 
from provisions of the 1977 Act and appear in 
table 1 as upper bounds for loan rates. Values 
of other exogenous variables are set at their 
USDA baseline values. 


Results 


The control procedure sought the four-year 
control path for loan rates and acreage diver- 


* Program participation and slippage rates are assumed to be 
constant within the specified bounds for loan rates and diversion 
levels. Values for these variables were established based on past 
experiences with the farm program options under consideration 
and research by Tweeten, and by Garst and Miller. The program 
participation rates in table 3 would have to be increased if the 
boundary constraints on loan rates are increased and/or if target 
prices or acreage diversion payment rates are increased, Program 
participation rates also are related to the assumed values used for 
calculating deficiency payments, i.¢., the national allocation factor 
and the program acreages and yields. The slippage rates would 
require revision if the acreage diversion payment rates are revised. 


Table 3. 
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sion levels of the three crops, which would 
maximize the criterion function.5 Because the 
baseline data contained carry-over stock and 
Bovernment payment levels well above their 
target boundaries, the solution mechanism 
searched for control values which would re- 
duce stocks without jeopardizing farm income 
or consumer interests. In selecting annual val- 
ues for the control variables, the feedback 
mechanism took into account the controls 
influence on the performance measure in fu- 
ture years of the planning horizon as well as its 
current period value. Solution values for the 
controls are given in table 4. Tables 5 and 6 
provide solution values and index numbers for 
selected variables. 

The control procedure used acreage diver- 
sions to raise crop prices and to reduce end- 
ing-year stocks. Relatively low values were 
selected for loan rates. High loan rates could 
have been used, of course, to raise farm in- 
come and reduce deficiency payments, but the 
resulting stock levels and storage costs would 
have lowered the performance measure com- 
pared to the use of land diversion. In addition, 
higher loan rates would have led to positive 
supply responses. Accordingly, the solution 
values for loan rates are below estimated mar- 
ket prices for the program crops. 

The higher prices increased net farm income 
and, at the same time, reduced deficiency 
payments from the baseline by narrowing the 


5 Additional applications used other control variables. When the 
voluntary diversion payment rates are used, their values are re- 
duced to where total government payments just equal the upper 
bound and the acreages diverted are equal to the values reported 
here. Mandatory acreage set-aside levels are about equal to those 
reported here. However, net farm income is lower with no gov- 
ernment diversion payments. When target prices are used, their 
values are set at or near their lower boundary constraints to keep 
government payments within its upper bound. 


Assumptions for Program Participation Rates, Set-Aside Payment Rates, Slippage 


Rates, and Program Acreages and Yields for Feed Grains, Wheat, and Cotton, 1978-81 








Feed 

Variable Grains Wheat Cotton 
Participation rates (%) 65 80 80 
Acreage diversion 

payment rates (million acres)* 53.43 32.23 78.26 
Slippage rates (%)> 40 40 40 
Program acreages (million acres)* 76.0 56.9 10.0 
Program yields (units/acreY 2.06 (tons) 31.0 (bu.) 480.0 (Ibs.) 





* Average production costs for 1977 were used to estimate 1977 land diversion payment rates for each crop (Senate Committee on 
Agriculture and Forestry). These values were increased 296 annually to obtain 1978-81 values. 

> The slippage estimates are based on work by Tweeten, and by Garst and Miller. 

* These values are used to calculate deficiency payments. Program yields for feed grains and wheat are for 1978 and increase .03 tons per 
acre for feed grains and .5 bushels per acre for wheat each year through 1981. 
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Table 4. Solution Values for the Control Vari- 
ables 








Item 1978 1979 1980 1981 
Effective acreage diversions 
Feed grains (million acres) 5.9 11.9 11.8 10.7 
Wheat (million acres) 14.8 14.9 14.9 14.9 
Cotton (million acres) 19 19 18 LS 
Loan rates 
Corn ($/bushel) 1.80 1.82 1.82 1.84 
Wheat ($/bushel) 2.18 2.21 2.39 2.39 
Cotton (S/pound) 47 49 5 53 





Note: Diverted acreages are zero in the baseline. Baseline loan 
rates are $2.00 for corn, $2.35 for wheat, and $.51 for cotton in all 
years. 


margin between target prices and market 
prices. The farm program specification ana- 
lyzed here provided payments to farmers for 
land withdrawal, offsetting part of the savings 
from reduced deficiency payments. Govern- 
ment payments were less than the $3.7 billion 
upper bound imposed on the criterion function 
for all but the final year (table 5). Additional 
land diversion could not be used to reduce 
deficiency payments in the final year since the 
maximum wheat diversion had been reached, 
cotton deficiency payments were already zero, 
and additional feed grain diversion would have 
led to higher feed grain prices and lower live- 
stock producers’ incomes. 

The acreage diversions reduced year-ending 
stocks to within designated ranges. Feed grain 
stocks were reduced 15% to 30% from their 
baseline levels to bring them under the upper 
bound of 60 million tons. This kept the per- 
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formance measure from being penalized for 
excessive feed grain carry-overs. Similarly, 
year ending carry-overs for cotton and wheat 
were reduced (about 40%) from their respec- 
tive baseline values. 

Prices for the three commodities increased 
from 10% for corn to 22% for wheat over the 
four-year period compared to the baseline (ta- 
ble 6). Livestock supply response to the 
higher corn prices resulted in higher cattle and 
hog prices during the latter years. By the final 
year, realized net farm income increased by 
10% with a reduction in government pay ments 
of over 27%. Solution values for annual con- 
sumers' food expenditures were within their 
upper bounds, 101% of the baseline values, for 
all years except the last, which was 101.2% of 
the baseline. 

The solution values for the loan rates in 
table 4 are robust, in that 10% changes in their 
values do not appreciably affect the final re- 
sults. This, of course, may not be the case if 
the assumption concerning perfect knowledge 
is dropped. If crop yields and exports are 
stochastic, the solution values for loan rates 
may be higher. However, they also could be 
lower to reduce the possibility of a large posi- 
tive supply response for the three crops lead- 
ing to increased CCC stocks. The solution 
values for acreage diversion are not as robust 
as loan rates because of their direct impact on 
government payments and crop prices and 
their indirect impacts on livestock producers' 
incomes and consumers' food costs. Increas- 
ing the upper boundary constraints on wheat 
and cotton acreage diversion by 10% would 
cause only minor changes in the results. 





Table 5. Control Solution Values for Output Variables in the Criterion Function with Designated 
Boundaries, and for Deficiency Payment Rates per Yield Unit, 1978—81 
Item 1978 1979 1980 1981. 
Ending year stocks 
Feed grains (million tons) 59.9 59.9 60.3 60.1 
Wheat (million bushels) 1,119.9 1,125.4 1,247.5 1,417.3 
Cotton (million bales) 2.7 2.1 2.6 2.6 
Consumers total expenditures for food ($ billions) 188.3 197.7 207.1 216.5 
Total CCC storage and interest costs ($ millions) 150.0 17.0 0.0 0.0 
Tota! government payments ($ millions) 3,180.0 3,460.0 3,680.0 4,266.0 
Deficiency payments ($ millions) 736.5 371.1 782.4 1,416.9 
Diversion payments ($ millions) 1,574.5 2,161.9 2,163.6 2,076.1 
Other government payments ($ millions) 869.0 927.0 734.0 773.0 
Deficiency payment rates 
Corn ($/bushel) 0.01 0.0 08 .29 
Wheat ($/bushel) 49 .26 34 49 
0.0 0.0 0.0 0.0 





Cotton ($/pound) 
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Table 6. Index Number of Changes in Selected State Variables in Control Solution (Baseline 
Variable Values — 100.0) 
Item 1978 1979 1980 1981 1978-81 
Commodity prices 
Corn 104.5 110.5 113.0 113.5 110.4 
Wheat 106.8 123.4 127.7 128.9 121.7 
Cotton 112.9 118.2 117.3 114.5 115.7 
Cattle and calves 100.0 102.2 104.1 104.0 103.2 
Hogs 100.0 102.4 107.5 108.0 104.6 
Ending year carryovers 
Feed grains 85.1 72.5 68.9 67.3. 72.9 
Wheat 72.8 61.6 60.0 60.0 62.5 
Cotton 62.8 50.0 57.8 63.4 58.5 
Realized net farm income 104.4 100.0 105.9 110.4 105.1 
Total government payments 105.3 97.5 78.1 72.9 85.1 
Deficiency payments 64.0 14.2 19.7 27.9 31.5 
Consumers' food expenditures 100.0 100.1 101.0 101.2 100.7 
Sum of consumers' food expenditures 
and government payments 100.1 100.4 100.5 99.6 100.4 





Summary and Conclusions 


One objective of this paper was to describe the 
process of commodity program administration 
in an adaptive control framework. The second 
objective was to illustrate the use of an adap- 
tive control model for agricultural policy. 
Commodity program decision making can be 
viewed as a sequential, multiperiod control 
problem. Parameter learning and information 
updating take place through time in the actual 
decision process. When applying a control 
mechanism to a model of the real system, the 
parameter and information updates can be in- 
troduced by the investigator as they become 
available and the control problem can be re- 
solved. * 

Use of this approach, coupled with a control 
algorithm used with the structural relation- 
ships, has some definite advantages. It permits 
control applications to policy problems in 
which numerous interdependent controls are 
available. Nonlinearities in modeled relation- 
ships can be preserved. An obvious disadvan- 
tage is that only (weak) passive learning is 
permitted. Because only point estimates of pa- 
rameters are updated, the estimated solutions 
do not allow for parameter uncertainties. 

The empirical portion of the paper presents 
a first-round application of the suggested se- 
quential use of modeling-control techniques. 
The application demonstrates the feasibility of 
applying control procedures to a multicom- 
modity agricultural policy simulator. They 
provide a means of simultaneously selecting 


control values in light of their short-term and 
longer-term effects on the modeled system. 


[Received January 1980; revision accepted 
July 1981.] 
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Distribution of Research Gains in 
Multistage Production Systems 


J. W. Freebairn, J. S. Davis, and G. W. Edwards 


In a multistage production system, research that reduces production costs at one stage 
provides benefits to producers at all stages and to consumers. Agricultural production is 
assumed to involve three stages: nonfarm input, farm, and marketing. Research causes a 
parallel drop ofthe supply curve. Benefits are measured as changes in economic surplus. 
With a competitive model, the distribution of research benefits is the same for research 
directed at each production stage. Implications for the distribution of research benefits of 


some forms of imperfect competition are investigated. 


Key words: economic surplus, multistage production, research benefits. 


Modern agriculture involves a series of pro- 
cesses organized by different sets of decision 
makers. In this paper we consider three pro- 
duction stages in providing food products to 
consumers: an input supply sector providing 
off-farm inputs such as fertilizer, machinery, 
and fuel; a farm sector; and a marketing sector 
providing off-farm storage, transport, process- 
ing, and distribution. In practice, off-farm ac- 
tivities use more resources than farm ac- 
tivities. Of each U.S. consumer dollar spent 
on food, about two-thirds goes to the market- 
ing stage and one-third to the farmer. In turn, 
about half of gross farm receipts are used to 
purchase off-farm inputs. 

This paper evaluates the effects of research 
at one stage of the production chain on 
other production stages and on consumers. 
Recognizing limitations on available research 
resources, we should provide answers that are 
a useful input for allocation decisions for these 
resources among research projects. Our anal- 
ysis estimates the aggregate benefits and their 
distribution from research that reduces pro- 
duction costs for input supply, farm, or mar- 
keting activities. 

Our model extends the single-process, 
commodity-surplus model for evaluating re- 
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search to allow multistage production. The 
single-process model is reviewed by Lindner 
and Jarrett (1978), with modifications sug- 
gested by Rose and by Lindner and Jarrett 
(1980). The effects of research at each of the 
three stages are specified as a downward shift 
in the supply curve for goods and services at 
that stage.! This supply shift has implications 
for prices and quantities at all stages of the 
System. Research benefits are measured as 
changes in economic surplus.? The research 
benefits refer to gross annual benefits. A com- 
plete analysis of the flow of benefits over time, 
variation in adoption rates, and research costs 
can be developed readily from the estimates in 
this paper (see Marsden et al.). This paper 
shows that farmers and consumers will benefit 
from research in the input supply and market- 
ing production stages as well as in the farm 
stage. In fact, they may receive greater ben- 
efits from off-farm-oriented research than 
from farm-oriented research. 


! The research results could be technical and economic/ 
organizational changes which reduce production costs per unit 
output or which increase production per unit input. "No considera- 
tion is given to research which shifts final consumer demand or 
which changes final product quality. 

? The changes in economic surplus are additional amounts con- 
sumers and producers would be prepared to pay to operate at the 
postinnovation market outcome rather than the preinnovation 
outcome. Willig establishes the argument for consumers. The is- 
sues are less clear for producers’ quasi-rent. Mishan provides a 
general theeretical framework, and the interchange between 
Lindner and Jarrett (1978, 1980) and Rose applies specifically to 
the research problem. We regard the change in measured producer 
surplus as a rough estimate of the change in available rent for 
quasi-fixed resources. 


Copyright 1982 American Agricultural Economics Association 


40 February 1982 


A Simplified Model 


In this section we use graphs and algebra to 
evaluate and compare the effects of research 


that reduces farm production and marketing . 


services costs. For simplicity we assume that 
the supply of nonfarm inputs and of marketing 
goods and services is perfectly elastic. These 
are reasonable approximations, given the ab- 
sence of peculiar inputs for these industries, 
because they use a small proportion of the 
economy's resources and because .there is 
scant evidence of long-run diseconomies of 
size. They are, however, relaxed in subse- 
quent sections. For simplicity we assume 
linear supply and demand curves, a constant 
per unit margin between farm and retail prices, 
and competitive price behavior. 

The situation is described in figure 1. Retail 
or final consumer demand is D,. The constant 
per unit cost of providing marketing services is 
M. The derived demand curve for the farm 
product is D, = D, — M. A constant rate of 
transformation between farm and retail prod- 
uct is assumed. The farm product supply 
curve is S, With these assumptions, the initial 
quantity equilibrium is Q, retail price is P,, 
and farm price is P. 

Consider first technological change in the 
marketing stage. This is reflected as a reduc- 
tion in the costs of providing storage, trans- 
port, processing, and distribution services, 


Prices 





Q q 


Figure 1. Quantity of farm output and of re- 
tail output (defined in terms of farm output) 
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say, by w per unit. Thus the retail-farm margin 
falls to M' = M — w. In figure 1 the reduced 
margin leads to an upward shift of the farm 
product demand curve from D, = D, — M to 
D', — D, — M'. Quantity increases from Q to 
Q', farm price increases from P, to P's, and 
retail price falls from P, to P',. Under our 
assumptions of a perfectly elastic supply curve 
of marketing activities and competitive pric- 
ing, marketers continue to earn normal profits 
but on a larger turnover. With the retail price 
fall, consumer surplus increases by area P’,P, 
G K. The quasi-rent to fixed farm resources 
increases by P,P'.D C. The aggregate gain 1s 
S R D C. Algebraically, the gain for consum- 
ers, G,(m), gain for farmers, G,(m), and 
aggregate gain, G (m), from reduced marketing 
costs can be represented as 


(1) G,(m) = (P, T P')Q 
t (P, = P',)(Q' = Q) 
= (P, — P')(Q + Q"), 


Q) Gm) = 


(P', — P)Q 
+ (P, - P)(Q' — Q) 
= IA(P', — Pj)(Q + Q"), and 
(3) G(m) = G,(m) + G,(m) 


=» w(Q’ + Q). 


Represent the retail demand equation by 
D, = a — aP,, the farm supply equation by 
S; = b + BP;, and recall that P, = P, + M. 
Note that the elasticity of demand is aP,/Q, 
the elasticity of supply is BP;/Q. After some 
algebra, the gains from a reduction in the mar- 
keting margin can be expressed as 


(4) Ge(m) = BQw/(a+B) —— 
- + aftw*/[2(@ By] 


(5 G,(m) = aQw/(a + B) 
+ o?8w*/[2(a + B)'], and 

(6) G(m) = Qw + aBw*/[2(a + B)]. 
Second, consider the effect of a reduction in 
farm production costs by, say, v per unit out- 
put. Following Rose, we assume a parallel 
shift of the farm supply curve.? In figure 1 the 
farm technology change shifts the farm supply 


3 It is recognized that the assumption of a parallel shift is criti- 
cal. In particular, it guarantees that producers do not lose from 
research. With a divergent shift, including a pivotal shift, it is 
possible for producers to lose economic surplus. À convergent 
shift enhances gains in producer surplus. If one has information 
suggesting a nonparallel shift, and clearly one should recognize 
Rose's arguments, then formulas reported in Rose should be used. 
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down to 5’, Quantity increases from Q to Q’, 
retail price falls from P, to P'», and farm price 
falls from P,to P". As before, marketers earn 
normal profits on a larger output. The retail 
price fall increases consumer surplus by area 
P',. P, G K. Producer quasi-rent increases by 
area A B H Eless area P", P, C H. These terms 
give an aggregate social gain of area A B C E. 
Algebraically, the gain for consumers, G.(f), 
gain for farmers, Gf), and the aggregate gain, 
G(f), from reduced farm production costs can 
be represented as 

(7) G.(f) = (P, — P')Q 

F (P, - Fo UE Q) 
z (P, zi P')(Q + Q’), 


vO + |v(Q' — Q) 


li 


(8 GO) 


i 
NS 
RS 
< 
i 
w 
| 
23 


(Q+ Q’), and 


G(f) = GN) + GAN) 
=40(Q+ Q’). 


If we represent the retail demand and farm 
supply equations by D, = a — aP, and S$; = 
b + BP,, after some algebra these gains can be 
expressed as 


(10) GQ) = BQv/(a + B) ` 
+ ag^v/[2(a + B], 


GAf) = aQv/(a + B) 
+ o®Bv?/[2(a + B)*], and 


(122 | G(f) = Qv + afv?/[2(a@ + 8)]. 


These formulas tell several interesting 
stories about the gains from research. First, 
they arë formally similar. In particular, a 
one-dollar reduction in marketing costs gives 
the exact pattern of benefits as does a one- 
dollar reduction in farm production costs. 
Second, both consumers and farmers gain 
from technological change; the marketers and 
input suppliers gain extra sales but, because of 
perfectly elastic supply curves, no extra 
surplus. The gain to consumers is greater than 
the gain to farmers if the slope of the farm 
supply curve (as measured by B) is greater 
than the slope of the demand curve (as mea- 
sured by æ) and vice versa. Third, aggregate 
gains are proportional to the cost reductions 
and the initial level of output. While the de- 
mand and supply elasticities have a significant 
effect on the distribution of gains, they have 
only a small effect on aggregate gains because, 
empirically, the second right-hand term of (6) 


(9) 


(11) 
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and (12) is small relative to the first (Marsden 
et al.). 


A General Competitive Model 


While retaining the assumption of competitive 

behavior, the model developed here allows for 

arising supply function for nonfarm inputs and 

for marketing services as well as for farm pro- 

duction. The reasons might include industry- 

specific resources and diseconomies of size. 
Our model can be written as 


(13) Q=a,-a,P, 

(14) M = ba + b, Q, 

(15) Pr = P+ M, 

(16) Q = co + c,(P! — P), and 
(17) P! = d, + diQ, 


where Q denotes product quantity specified at 
farm level and farm level equivalents, P" is 
retail price, P/ is farm price, M is the retail- 
farm price margin, and P! denotes the cost of 
nonfarm inputs per unit farm output. Equation 
(13) is a conventional retail demand equation. 
The retail-farm price margin equation includes 
a fixed component and a component which 
varies with turnover.* Equation (16) is the 
farm supply function with the explanatory 


. Variable being a gross margin, P/ — Pi. For 


convenience, we assume constant input- 
output coefficients between nonfarm inputs 
and farm output.5 A rising supply function for 
nonfarm inputs is described in (17). Equations 
(13) through (17) can be solved to determine 
equilibrium market prices at the retail, farm, 
and input-supply levels, P”, P’, and P', and the 


quantity Q. 
Now introduce research that lowers produc- 
tion costs for the marketing, farm, and input- 


* Preliminary attempts to generalize tbe margin equation to 
allow for a percentage markup caused problems in measuring 
producer surplus, The percentage margin model, e.g., M = by + 
bP” with b, > 0 implies a downward-sloping margin supply curve 
since P” is a declining function of Q. 

$ The constant input-output assumption is an important one 
which can be relaxed. It means that quantity at each production 
stage does not fall as a result of research. Some forms of techno- 
logical change will require relaxation of the constant input-output 
assumption. One example is a new variety requiring less fertilizer. 
Relaxing the assumption will affect the results for earlier produc- 
tion stages but will leave the results for higher stages and consum- 
ers largely unaffected. For the lower stages the fall in the input- 
output ratio means a negative effect on demand, which partly or 
fully offsets the demand-increasing effect of lower prices. In the 
latter case, industry quantity and economic surplus actually may 
decrease. 
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supply sectors. In each case we assume the 
research causes a parallel downward shift of 
the relevant supply curve. Specifically, sup- 
pose production costs per unit output fall by k 
for the input sector, k, for the farmer, and k,, 
for the marketer. Then the marketer, farm, 
and input supply schedules become 


(18 M= by — km + b,Q, 
(19) Q= co + ck + c, (P! — PO, and 
Q0 P'= d,- k + d,Q, 


where all terms are as defined above. The 
postinnovation model now comprises the re- 
tail demand equation (13), the margin cost 
equation (18), the price link equation (15), the 
farm supply equation (19), and the input cost 
equation (20). These equations can be solved 
to determine equilibrium prices and quantity. 
The postinnovation prices and quantity are 
denoted with an asterisk. 

Each type of cost reduction causes an in- 
creased quantity. In fact, a one-dollar per unit 
output cost reduction at any of the three pro- 
duction stages will have an identical effect on 
quantity. Farm production research in the ab- 
sence of other research reduces retail and farm 
prices and increases input price. Marketing 
sector research reduces retail price and in- 
creases the farm and input prices. Input re- 
search reduces prices at all three levels. 

These price and quantity changes can be 
used to measure welfare effects of research. 
Denoting the changes in consumer, market- 
er, farmer, input supplier, and aggregate 
surpluses by Ge, Gm, Gy, Gi, and G, respec- 
tively, we obtain 


(21) G. = (Pr — P*)(Q + Q*), 
(22) G, = (km + M* — M)(Q + Q*), 


Q3) G= ((k, + P! — P™) 

+ P¥ — PA(Q Ot, 
(24) G,= K(k, + P*! — P) 

(Q + Q*), and 


Q5) G='G, + Ga + G + Go 
= Ak, + kr + ka)(Q + Q9), 


where all terms are defined above. The con- 
sumer gain is a straightforward measure of 
extra surplus caused by the fall in retail prices. 
The derivation of change in producers’ quasi- 
rents is similar to that described for the farmer 
in figure 1 above. It has two components. 
First, there is the reduction in per unit produc- 
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tion costs caused by the research-induced 
downward shift of the supply curve. This is 
reflected by the k terms. The change in the 
cost of nonfarm inputs also shifts the farm 
supply curve. Second, the output price change 
affects producers’ quasi-rent. This is the sec- 
ond term in the first bracketed term of (22), 
(23), and (24). The aggregate surplus measure 
in (25) uses the price identity (15) to cancel 
terms. 

After some tedious algebra (available from 
the authors), alternative expressions for the 
gains from research are 


Q6) G. = ¢,G/H, 

(27) Gn = b,a,c,G/H, 

Q8) G,- a,G/H, 

(29) G,= d,a,c,G/H, 

(30) G= Qh + a,c,h?/2H, 

with 

(31) h=k + ky + km, and 

(32) H= (1 + a,b,c, + (1 + eyd,)ay, 


where all terms are defined above. 

Notice that the aggregate benefits are iden- 
tical for a one-dollar per unit output reduction 
in costs whether at the input supply, farm, or 
marketing level. Second, the aggregate ben- 
efits are proportional to the cost reduction 


- and the initial level of output. Third, in general 


the aggregate benefits are little affected by the 
various demand and supply price elasticities 
since they affect only the Q* — Q term. The 
larger the demand and supply elasticities, the 
greater will be the additional output. Fourth, a 
research advance in any sector will provide 
benefits, or at worst convey no costs, to those 
in the other sectors. In the extreme case where 
the relevant sector supply curve is perfectly 
elastic (i.e., dj = Oor c, = e or b, = 0), that 
sector will gain no additional economic 
surplus because the downward shift of the 
supply curve will be exactly offset by the 
downward shift of the price received. Fifth, 
where the supply curves for the input supply 
and marketing sectors are horizontal, the gen- 
eral model reduces to the special case de- 
scribed first. Sixth, the share of the benefits to 
any one sector will be greater the more inelas- 
tic the supply curve for its output relative to 
that for the other sectors. Seventh, the dis- 
tribution of the benefits between final consum- 
ers and all production sectors will favor con- 
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sumers the more inelastic retail demand is rel- 
ative to the various supply elasticities. Eighth, 
the ratio of consumer to farmer benefits de- 
pends only on the ratio of the price slopes of 
the retail demand and farm supply curves and 
is not affected by the slopes of the input sup- 
ply and marketing services supply curves. 
Ninth, a one-dollar per unit cost reduction in 
terms of farm quantity at any of the three 
production stages has exactly the same effect 
on returns to consumers, marketers, farmers, 
and input suppliers. 


Distribution of Research Costs 


The distribution of the costs of a per unit out- 
put Jevy to finance research can be assessed 
with the research benefits model. A research 
levy, like any other variable cost, increases 
per unit output costs and can be represented 
as an upward shift of the supply curve of the 
sector paying the levy. The supply curve shift 
will induce changes in prices in the other sec- 
tors. The costs of research, represented as an 
upward supply curve shift, will be distributed 
in exactly the same way as the benefits of 
research, represented as a downward supply 
curve shift. Assuming validity of the general 
competitive model described above, formulas 
(26) through (32) can be used to evaluate the 
distribution of the costs of a research levy 
where the terms k, ks, and km in (31) are inter- 
preted as per unit output levies at the input 
supply, farm, and marketer stages of the ag- 
ricultural system, respectively. 

Since the benefits and the costs of research 
incurred àt one stage are distributed identi- 
cally between the different production stages 
and consumers, the argument for government 
intervention in research funding because some 
of the benefits from research at one stage go to 
other stages is not warranted. For example, a 
one-dollar per unit reduction in farm produc- 
tion costs because of research provides the 
same benefit to consumers as does the cost 
imposed by the market system on consumers 
of a one-dollar per unit levy on farm output to 
finance the research. 

A different but related issue is the need for 
some form of government intervention to 
coordinate research funding at different stages 
of the production system. Because of the ef- 
fects of the public good nature of research 
output, of uncertainty, and of size economies, 
sometimes it is argued that the private sector 
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will invest less than the social optimum 
amount of funds in research. It is likely that 
these effects will be more important at the 
farm stage because of its atomistic structure 
and because of difficulties of patenting much 
of the research. By contrast, there is a higher 
degree of concentration in the input supply 
and marketer stages and many forms of tech- 
nology are patentable. The previous discus- 
sion on the distribution of the benefits and 
costs of research suggest that government in- 
tervention should be directed not at providing 
funds for research but rather at establishing 
institutional arrangements to internalize ex- 
ternalities within each stage of the production 
process. 

An important underlying assumption of this 
section is that there are no external benefits or 
costs of research in one commodity flowing 
over to other commodities. It is not difficult to 
think of cases where this assumption is un- 
realistic. 


Imperfect Competition 


While it is reasonable to treat consumers and 
farmers as perfect competitors, there are 
grounds for challenging the assumption for the 
input supply and marketing sectors. For this 
paper, the key consideration is not the abso- 
lute level of prices but the extent to which 
technology-induced, production-cost changes 
are passed on in lower output prices. Here we 
compare the previous results with outcomes 
for a monopoly and for some administered 
markup rules. 

Consider a monopolist in either the market- 
ing or the input supply sector. For conve- 
nience assume that marginal costs are constant 
at K per unit and that the product demand 
curve can be represented by a linear function 
P — a — bQ, where P is price and Q is quan- 
tity. The monopolist will set price at P4 — 
(a 4- K)/2, whereas the perfectly competitive 
price is P, = K, with Pa > Pe. Now suppose 
new technology reduces marginal cost by k per 
unit. Then the new price in the competitive 
industry will fall to P*, = K ~ k = P, — k. The 
monopolist will reduce price to P*,, = (a+ K 


€ For a discussion see, for example, Breimyer, Parker and Con- 
nor, and Barber. There seems to be a consensus that the main 
forms of competition are not the extremes of perfect competition 
or monopoly but rather imperfect competition and oligopoly. 
There is no unambiguous and generally accepted price formation 
model for either of these. 
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— k)/2 = P, — k/2. That is, the monopolist 
will pass on half of the cost reduction. A rising 
marginal cost curve will mean that less than 
half of the cost reduction will be passed on. In 
general, a profit-maximizing monopolist will 
pass on some but not all of the cost decrease. 

In imperfectly competitive industries, many 
price markup rules are found. A common pro- 
cedure is to set output price P at some per- 
centage above direct or variable costs C, giv- 
ing P = (1 + r)C where r gives the propor- 
tionate markup over direct costs to cover fixed 
costs and profits. If technology reduces fixed 
costs, it may take some time before the mark- 
up factor is reduced. If technology reduces 
direct costs, then strict application of the 
markup rule would result in output price fall- 
ing by more than the cost reduction. 

Despite the existence of imperfect competi- 
tion in the real world, we favor the competi- 
tive model as a reasonable way to assess the 
effects of technological change. In general the 
agriculture industries are not highly concen- 
trated (for national U.S. estimate, see Carter 
and Johnston; for some local estimates, see 
Marion et al.). Profits are low in comparison to 
most other manufacturing industries. For most 
agricultural industries, it seems unlikely that 
prices are more than 596 above competitive 
levels (see Marion et al.). Moreover, studies 
of the marketing margin, for example by 
George and King, indicate that for many prod- 
ucts a large part of farm price changes is 
passed on to retail within a quarter. For these 
reasons, the competitive model may be a rea- 
sonable approximation, particularly over the 
longer term. l 


An Application 


This section provides an illustrative applica- 
tion of the competitive model for the U.S. hog 
industry. Specifically, we consider the effects 
of a 10% reduction in the cost of nonfarm 
inputs, e.g., chemicals and machinery; in the 
cost of farm production, e.g., greater labor 
efficiency; and in the cost of marketing ac- 
tivities, e.g., increased efficiency in slaughter- 
ing and retailing. Aggregate benefits and their 
distribution between final consumers, pork 
wholesalers and retailers, hog farmers, and 
nonfarm input suppliers are assessed for alter- 
native assumptions concerning supply price 
elasticities. 


Values for the key variables required to 
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apply the formulas are listed in table 1. They 
refer to average 1978 conditions. The quantity 
variable refers to the retail level and the prices 
are expressed in terms of retail product equiv- 
alent using USDA conversion ratios: In 1978 
the gross farm value of hog production was 
just over $10 billion. Although estimates of the 
pork demand and farm hog supply price elas- 
ticities are available, no estimates were found 
for the marketing and input supply elasticities. 
Most available evidence points to a highly 
elastic long-run supply curve. For illustrative 
purposes we consider elasticities of 2.0 and © 
and, hence, price flexibilities of 0.5 and 0. To 
transform the elasticities (flexibilities) to 
slopes, we multiplied by the appropriate 
quantity-to-price ratio. The cost-reducing ef- 
fects of technological change are arbitrarily set 
at 10% of value added for each production 
stage. For example, the reduction in market- 
ing costs, km, is determined as k,, = 0.1 M = 
0.1 (Pr — P^) = $0.067. In practice, values for 
the cost-reduction terms would come from 
consultation with researchers, research ad- 
ministrators, and others involved in proposed 
or ongoing research activities. 

Some estimates of the distribution of the 
benefits of cost-reducing technology are re- 
ported in table 2. The results illustrate the 
conclusions drawn from the theory. The 
aggregate gain, expressed as economic sur- 
plus, from any particular cost reduction is 
insensitive to assumptions about supply elas- 
ticities. In this particular example, the price 
slope of the farm level pork supply equation, 
Cı, is nearly double that of the retail level 
demand, a,. For this reason, consumer ben- 
efits in each situation are nearly double farm 
benefits. The estimates illustrate that the ben- 
efits to any particular sector do not depend 
on where the cost reduction occurs as long as 
it provides the same dollar saving per unit of 
farm equivalent output. Since marketing costs 
are the largest cost component of a pound of 
pork purchased by the consumer, a 10% re- 
duction in marketing costs (6.7¢ per pound in 
our example) provides greater benefits in 
aggregate and to each sector than a 10% reduc- 
tion in costs in the other sectors. 


Conclusions 
The key message of this paper is that in a 


multistage production system, research-in- 
duced cost reductions in one part of the sys- 
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Table 1. Values of Variables for U.S. Hog Industry 

Variable Value Description 

Q 13,209 million pounds Commercial hog production (carcass weight)* 
Pr $1.436/pound Retail price of pork* 

P $0.766/pound Net farm value of pork? 

P $0.150/pound Value of nonfarm inputs? 

fq —0.8 Retail elasticity of demand for pork* 

e; 0.7 Farm supply elasticity for hogs? 

Cm 2 or © Elasticity of supply of marketing services* 

ei 2o0ro Elasticity of supply of nonfarm inputs* 

ki $0.015/pound Cost-reducing technological change arbitrarily set at 10% of value added 
ky $0.062/pound \ 

ks $0.067/pound 





* From USDA (1981). 


^ From USDA (1980) using nonfarm inputs as 20% of farm value. 


* Average figure from George and King, Arzac and Wilkinson, and Freebairn and Rausser. 
4 Average figure from Dean and Heady and Freebairn and Rausser. 


* See text. 


tem provide benefits to consumers and all 
other members of the production system. 
Under the special assumptions of competitive 
behavior, linear supply and demand curves, 
and constant input-output coefficients for the 
product as it moves through the system pro- 
duction chain, we have shown that the dis- 
tribution of the research benefits is the same 
whether the cost reductions occur at either the 
nonfarm input, farm, or marketing sectors. 
The relative distribution between sectors de- 
pends on the elasticity of retail demand and 
the supply elasticities of value added at each 


stage of the production chain. In general, the 
more inelastic a sector's supply is relative to 
that of other sectors, the greater will be the 
share of research gains going to that sector. 
The aggregate gain was affected little by 
changes in the various price elasticities. 
These results are modified, but not over- 
turned, when the perfect competition assump- 
tion is relaxed. Monopolistic behavior will in- 
crease the share going to the innovating sec- 
tor. With a pure monopoly model, about half 
of the cost reduction is passed on in lower 
prices to other sectors. Because of uncertainty 


Table 2. Estimated Returns from Research from Different Types of Technical Change in the 
U.S. Hog Industry for Different Assumptions ($ Million) 





Recipients of Benefits? 











Input 
Industry Situation* Supply Farmer Marketer Consumer Aggregate 
1. Perfectly elastic input and marketer supply (e; = ey = œ) 
(i) k = 0.015 0 65 0 134 199 
(ii) ky = 0.052 0 272 0 556 828 
(iii) kw = 0.067 0 295 0 601 896 
2. Less than perfectly elastic input supply (e, = 2, e, = o) 
(i) k; = 0.015 5 64 0 130 199 
Gi) k, = 0.052 23 265 0 540 828 
(tii) km = 0.067 24 287 0 585 . 896 
3. Less than perfectly elastic marketing supply (e, = 2, e, = o): 
(i) k, = 0.015 0 58 22 119 199 
(ii) ky = 0.052 0 242 92 493 827 
(iii) ky = 0.067 0 262 100 533 895 
4. Less than perfectly elastic input and marketing supply (e, = e, = 2) 
(i) k = 0.015 5 57 22 115 199 
(ii) k, = 0.052 20 236 90 481 827 
(iii) kw = 0.067 22 255 97 521 895 





* All other variables as specified in table 1, and K's are zero unless specifled otherwise. 


> Based on formulas (26) to (32) in text. 
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about price formation in imperfectly competi- 
tive industries, it was not possible to be def- 
inite about this case. Even so, we hypothesize 
that, in the long run, a high proportion of 
research-induced cost reductions are passed 
on. That is, we argue that the competitive 
model offers a reasonable approximation. 

There is little reason to argue that research 
opportunities are greater or research costs are 
less at the farm level than at the marketing and 
input levels. It seems, therefore, that the 
choice of agricultural research projects should 
recognize opportunities at all levels in the sys- 
tem. This is particularly true when we recog- 
nize the size of the input and marketing com- 
ponents in the final cost of food purchased by 
consumers. 

Finally, while the paper has reported pre- 
cise formulas, they should be used as guide- 
lines only. They are based on simplifying as- 
sumptions which provide reasonable approx- 
imations. Application of the formulas requires 
data on current prices and quantity, the rele- 
vant price elasticities of supply and demand, 
and the extent of research-induced cost reduc- 
tions. In reality, we may have only rough es- 
timates of some of these variables. 


[Received September 1980; revision accepted 
August 1981.] 
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Optimal Expenditures for Agricultural 
Research and Extension: Implications of 


Underfunding 


Fred C. White and Joseph Havlicek, Jr. 


Significant increases in agricultural productivity will be needed for the United States to 
meet its future food policy goals related to an abundant and stable food supply. The 
nation's ability to meet this challenge will depend on the level of investment in 
agricultural research and extension. Each dollar of underfunding relative to the 
economically efficient level of research and extension expenditures (a) will cost the 
government $2.56 ($1.50 discounted) if it later makes up for the low investment level or 
(b) will cost consumers $4.39 ($3.07 discounted) if the government does not make up for 


the low level of investment. 


Key words: agricultural extension, agricultural research, optimal control, productivity. 


Increases in agricultural productivity are often 
attributed to production-oriented agricultural 
research and extension. Because such ac- 
tivities use resources, an important question is 
whether or not it pays for society to invest in 
them. Many studies indicate high returns to a 
wide range of agricultural research and exten- 
sion investments (for a summary of these re- 
sults, see Peterson and Hayami; and Arndt, 
Dalrymple, Ruttan). However, we still need to 
assess the long-run consequences of alterna- 
tive levels of agricultural research and exten- 
sion investment. Investment could be adjusted 
to achieve desired levels of future agricultural 
prices relative to other goods and services. 
Because of the lagged response to agricultural 
research, it obviously would be impossible to 
control short-run fluctuations in prices 
through research and extension investment. 
However, long-run price trends might be con- 
trolled by adjusting such investments. 

This paper analyzes the investment patterns 
for agricultural research and extension that 
will achieve selected levels of expected 
growth in agricultural output.! More spe- 
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cifically, the paper will (a) formulate an eco- 
nomic model of the agricultural sector in 
which technological change is achieved from 
investment in agricultural research and exten- 
sion, (b) identify optimurn patterns of invest- 
ment based on rate of return estimates, and (c) 
assess the consequences of failure to achieve 
the optimum investment. 


Conceptual Framework 


Economic policies generally are formulated 
under uncertainty about the eventual levels of 
important uncontrollable factors. By anticipat- 
ing these variables, policy makers can suc- 
cessfully achieve selected economic objec- 
tives. Hence, economic policies may be 
viewed as the use of available instruments to 
achieve desired values and time paths of pol- 
icy targets (Fox, Sengupta, Thorbecke). 

The objective of the policy maker may be to 
change the price trend of agricultural commod- 
ities relative to other goods and services. The 
problem is to select the investment level of 
agricultural research and extension so that the 
target variable, the desired price P,, is at- 
tained. In general, farm price is an important 
variable because higher farm prices are trans- 
lated into higher food prices. Rising food 
prices can increase the cost of living. Also, 
farm prices are a major determinant of farm 
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sectoral income. If the rate of growth in ag- 
ricultural productivity is too rapid relative to 
demand growth, farm prices and farm income 
may become depressed. Severe adjustment 
burdens may be imposed on marginal re- 
sources in the sector. 

Research and extension expenditures affect 
agricultural supply through their impact on ag- 
ricultural productivity. An increase in these 
expenditures would be expected to increase 
productivity in subsequent years and, hence, 
shift the supply curve to the right at all prices. 
This results in a decline in the market price of 
agricultural output, ceteris paribus. Assume 
that policy makers can identify some long-run 
desired levels of the target variable P,. Their 
objective is to control the economic system by 
adjusting research and extension expenditures 
to keep the target variable as close as possible 
to the desired levc!. Performance of the sys- 
tem can be judged by deviations of actual price 
P, from its desired level P,. Previous studies 
on price instability have assumed that the cost 
of deviation from the desired price level can be 
adequately measured by a quadratic cost func- 
tion (Turnovsky). This is represented by 


(1) r= (P, - By. 
t=1 


The problem is to find the time path of the 
control variable, research and extension ex- 
penditures R,(t = 1,..., T), that will minimize 
the welfare loss from being away from the 
desired price level. 

In addition, there may be costs associated 
with instability in the policy instrument. Hol- 
brook (p. 57) argues that this occurs when it is 
necessary for the policy maker continually to 
make greater changes in the policy instrument 
to offset effects of past policies. Assume that 
the policy maker visualizes long-run desired 
values for the policy instrument, (Kj), based 
on some trend, In this case, instruments have 
costs, so the total cost function must be ex- 
panded: 

P 
(2) J= b 


t=1 


B) + 5 w(R, — R,)?. 
t=1 


The policy maker attributes costs v and w to 
the target and instrument variables, respec- 
tively. These costs can be identified directly 
by interviewing policy makers or indirectly by 
observing effects of past decisions. The latter 
approach will be used in the present study. 


Research and extension expenditures in 
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each period will affect productivity and, 
hence, prices many years later. This compli- 
cates the decision process. Because of the dy- 
namic nature of this problem, the choice of 
research and extension expenditures in one 
period restricts the possibilities in later pe- 
riods. Therefore, the multiperiod character of 
the problem must be considered in choosing 
the expenditures for each period. 


The Model 


Estimation of market equilibrium through time 
depends on specification of supply and de- 
mand schedules. Since investments in re- 
search and extension are long-run supply phe- 
nomena, simple models using short-run supply 
and demand elasticities would be inappropri- 
ate. The supply and demand relationships 
must be sufficiently flexible to model the sys- 
tem through time. It is assumed here that both 
quantity demanded and quantity supplied are 
functions of current and past prices formed as 
a Koyck distributed lag. These relationships 
account for short-term and long-term adjust- 
ments in quantities demanded and supplied to 
price changes. These supply and demand rela- 
tionships are similar to Yeh's and are as fol- 
lows: 


(3) Qu = aP? Pa Py Pa 


t 
dne exp| » ea and 


icto 


zt P up, P ALB 
(4) Ou = a 5P), FFP) yos 


P t 
HB, ; 
PP ie exp | 2: a 


ito 


where Q, and Q, are quantities demanded and 
supplied, respectively; P and PP are prices 
received and paid by farmers, respectively; ga 
and g, are rates of shift in demand and supply, 
respectively; a and f, are short-run price 
elasticities of demand and supply, 
respectively; A and p are weights related to 
speed of adjustment; and ag and a, are 
constants. 

Shifts in the demand for agricultural output, 
£4, can arise from changes in population, per 
capita disposable income, and exports. 
Likewise, shifts in the supply schedule, g,, 
may result from changes in such factors as 
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prices of inputs and productivity of inputs as 
related to research expenditures, education of 
farmers, and weather. 

Equilibrium in the present model can be 
found by equating supply and demand: 


(5 Qa = Qor 


By introducing lagged values for quantity de- 
manded and quantity supplied relationships in 
equations (3) and (4), it is possible to derive 
reduced-form equations of the distributed 
lagged models. Substituting the reduced-form 
equations into equation (5), equilibrium price 
can be found from the expression 


(6) Pereo = aQ- IEN 


exp la - p) S gu + euh 


imtg 


where 


o, = a Pa YPP: 


exp jo EXT eal: 


i-tg 


Most variables affecting the constants in the 
supply and demand equation can be deter- 
mined outside the model and do not affect the 
formal optimal control problem. However, 
input productivity related to research expendi- 
tures is of special interest in this study. Ag- 
ricultural productivity is hypothesized to have 
a lagged response to research and extension 
investment. This relationship can be charac- 
terized as follows: 


(7) = PI, = ay II Rep, 


jet 
where PI, is the productivity index, output per 
unit of input; R,.,,, is aggregate research and 
extension expenditures in time period t — j + 
l; y, is the coefficient associated with the 
aggregate research and extension expenditure 
in time period t — j + 1; and a,, is a conglom- 
eration of the effects of other supply shifters. 

Changes in agricultural productivity affect 
the supply equation through the g,, term. This 
supply shifter can be defined as 


(8) exp (g,) = PI/PI, ,. 


This term represents the annual percentage of 
increase in productivity. Equation (4) implies 
that a 196 increase in productivity increases 
the quantity supplied at each price by 1%. 
Price, P,, is the state variable and research 
expenditure; R, is a control variable. The 
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problem is to control research expenditures in 
each year so that the future time paths of P, 
will closely follow a designated time path. 
The effect of research expenditures on 
equilibrium price can be determined by sub- 
stituting equation (7) into equation (8): 


(9) 


Bac = (apg — at gi) + 2 (y; 7 Yri) R'e» 
peri 


where y, is 0 forj = O and n+ 1. 


The prime (/) on the variables indicates 
natural logarithms. Further substituting this 
result into equation (6), taking natural 
logarithms, and simplifying the expression 
yields: 


a9 Pisat u-t- wy 


i-tg 
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+ (1- p) Y (au — a'am). 
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The equation of motion is obtained from 
equation (10) for period t + 1 by subtracting 
P',from both sides. This difference equation is 


(1) APY, = ce iO E 
nti 


t 
Y XO Ym) Rises 
imty mi 
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+ X Ya) R'es/(8a — B») | = P'e 


Jel 


This is the equation of motion for t =0,1,..., 
T — 1. 
The objective function to be minimized is 


(12) J= S (P’, — P')? + 5 w(R',—rR'L y, 
tl 


teil 


where P", is the planned target value for price, 
w is the weight on variability in research ex- 
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penditures, and r is a factor reflecting growth 
in research expenditures. Inclusion of the last 
term reduces variability in the instrument. The 
weight w indicates the importance of research 
expenditure stability relative to achieving 
target values for price. The problem is to 
minimize (12) subject to (11). 

This problem can be solved in numerous 
ways. It is possible to form a Hamiltonian 
from equations (11) and (12) and then take 
derivatives to determine the canonical equa- 
tions or necessary conditions for an optimal 
solution (Chow, pp. 157-60). Alternatively, 
the problem can be cast in a quadratic pro- 
gramming framework in which equation (12) is 
minimized with respect to equation (11) for 
any desired length of time. Both approaches 
were used here to verify the results. However, 
the quadratic programming approach is the 
easiest to use. 


Supply and Demand Parameters 


The price elasticities used in this analysis were 
based on previous econometric studies of U.S. 
agricultural production. Aggregate short-run 
demand elasticity was based on previous esti- 
mates of domestic and foreign demand elas- 
ticities. There has been general agreement that 
the elasticity of demand for farm output at the 
retail level in the domestic market is approxi- 
mately —0.25 (Waugh; Bucholz, Judge, West; 
George and King). Price elasticity of demand 
at the farm level is assumed to be —0.15 
(Yeh). Foreign demand elasticities are based 
on ''restricted trade maximum” estimates of 
Bredahl, Meyers, and Collins, which they 
consider to be the most realistic of their esti- 
mates. They are used to calculate an overall 
foreign demand elasticity based on average 
exports of the commodities they considered.? 
Weighting domestic and foreign demand elas- 
ticities on the basis of the relative importance 
of the two markets resulted in a farm-level 
value of —0.25 for the short-run demand elas- 
ticity. The short-run elasticity of supply for 
total farm output is expected to be quite low, 
because resource adjustment between farm 


? Tbe export demand elasticities of Bredahl, Meyers, and Col- 
lins are corn, —1.31; sorghum, —2.36; wheat, —1.67; soybeans, 
—.47; and cotton, —.65. These estimates were weighted by tbe 
1974—76 export value percentage importance of these commod- 
ities: corn, .3052; sorghum, .0469; wheat, .3445; soybeans, .2259; 
and cotton, .0774. (Export values were from Agricultural Statis- 
tics, 1978). The resulting short-run foreign demand elasticity is 
—.847. 
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and nonfarm commodities is limited. Studies 
by Griliches (1959, 1960), Heady and 
Tweeten, and Tweeten and Quance report the 
short-run elasticity of supply to be near 0.20. 
This is the estimate used in this study. Yeh's 
estimates for the lagged parameters, 0.3 for À 
in the demand equation and 0.8 for yu in the 
supply equation, are used in this study. 


Determinants of Productivity Growth 


Growth in agricultural productivity, defined as 
an index, can be represented by an increase in 
output per unit of input. Increases in produc- 
tivity reflect changes in the quality of inputs, 
but such changes generally are not captured in 
the total input measure. These changes can be 
attributed to an increase in knowledge result- 
ing from education, research, and extension. 
The relationship between input quality im- 
provements and research, extension, and edu- 
cation may be measured by inserting these 
variables directly into the production function. 
Griliches (1964) was the first to use education, 
research, and extension as separate variables 
in production functions. Since then several 
others also have used this approach (Peterson 
and Hayami). 

Extension's role is distinct from that of re- 
search. Therefore, a separate extension vari- 
able should be used in the production func- 
tion. However, measuring the separate 
influence of extension on agricultural produc- 
tivity has been difficult because of the high 
multicolinearity between these variables in 
time-series data. Even sophisticated econo- 
metric techniques such as ridge regression 
cannot overcome this problem. Therefore, re- 
search and extension expenditures are com- 
bined into one variable in this analysis. Fol- 
lowing Evenson (1967), it was assumed that 
research and extension expenditures in one 
year may affect productivity over several 
years. 

The model used to explain changes in pro- 
ductivity over time is similar to that in Lu, 
Cline, and Quance and is 


n 
II Ry i.) Ef: exp (8,W;), 
jul 


(13 PI, = 


where PI, is the value of the aggregate produc- 
tivity index for U.S. agriculture in year f, 
R is the lagged values of production- 
oriented research and extension expenditures, 
E, is the educational attainment of farmers in 
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year t, W,is the weather index in year t, and n 
is the length of lag. Two factors are of particu- 
lar interest: (a) the mean length of the lag and 
(b) the effect of research and extension on 
productivity. 


Productivity Model Estimation 


The contribution of research and extension to 
aggregate U.S. agricultural productivity was 
estimated for the period 1943-77. With the 
hypothesized lag structure on research and ex- 
tension expenditures, the expenditure data 
covered the period 1929-77. Production- 
oriented expenditures for such federal agen- 
cies as the Agricultural Research Service, 
Economic Research Service, and Soil Conser- 
vation Service were obtained from the annual 
Combined Statement of Receipts, Expendi- 
tures, and Balances of the United States Gov- 
ernment and the Budget of the United States 
Government, which contains a functional 
breakdown of appropriations by activity. Un- 
published data were obtained from the 
Cooperative Extension Service for extension 
expenditures and from the Cooperative State 
Research Service for the state agricultural ex- 
periment stations’ expenditures. A detailed 
description of the sources of research and ex- 
tension expenditures is presented in Cline. 
The productivity index is from Changes in 
Farm Production and Efficiency (U.S. De- 
partment of Agriculture). The education index 
reported in Evenson (1968) and the weather 
index reported in Stallings and Kost were up- 
dated for this study. The educational attain- 
ment index considers years of schooling com- 
pleted for farmers, farm managers, farm 
laborers, and foremen, as well as income- 
schooling factors. The weather index reflects 
short-term deviations in crop yields from 
long-term trends. A weather index of 100 is 
equal to the long-term trend and indicates 
normal weather. 

The model in equation (13) was estimated 
using the Almon distributed lag procedure 
(Almon). As expected, the error terms were 
serially correlated initially. To overcome this 
problem, all variables were adjusted with 
a first-order autoregressive scheme (e.g., 
X, ~ pX. Following Cline, a second-degree 
polynomial was selected as most appropriate. 
Varying lengths of lags were investigated, and 
the appropriate one was determined using 
Theil’s minimum standard error criterion. 
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After comparing regression results for sev- 
eral lag lengths, the fourteen-year lag (the cur- 
rent year and the previous thirteen years) was 
selected. These regression results, which 
show the contribution of research and exten- 
sion to agricultural productivity, are shown in 
table 1. The high coefficient of determination 
(R?) indicates that the model did a good job 
explaining the variation in the agricultural 
productivity index. The Durbin-Watson statis- 
tic of 2.3 suggests no serial correlation in the 
final model. 

The regression results, which are consistent 
with Evenson's findings (1967), indicate that 
research and extension expenditures in year t 
will have their greatest contribution to agricul- 
tural productivity in the sixth and seventh 
year. In fact, the impact of these expenditures 
in each of these years is four times as great as 
their impact in the first year. The sum of the 
regression coefficients of the research and ex- 
tension variable is 0.0381 indicating that, over 
its lifetime, a 196 increase in research and 
extension expenditures increases aggregate 
productivity by 0.038196. The individual co- 
efficients show the distribution of this im- 
pact over time. The two other explanatory 


Table 1. The Contribution of Research and 


` Extension Expenditures to Aggregate U.S. Ag- 


ricultural Productivity, 1943-77 








Explanatory Regression 
Variables Coefficients 
In E, - pin E. .77209 
. (3.784)* 
W, — pW, -00216 
(5.581) 
In R, — pln Ri .00095^ 
In Ry; — pln Res .00176 
In Rs — pln Res .00245 
In R5 — pln Ri, .00299 
In Rea — pln Res .00340 
In R., — pln Re. .00367 
In Rye — pln Rez .00381 
In Rer - pln Reg .00381 
In Rig — pln Rio .00367 
In Res — pln Rio „ -00340 
In Reio — pln Reu .00299 
In Ru - pln Rc. .00245 
In Riaz — pln Ras .00176 
in Rss — pln Reu .00095 
p .856 
R? .988 








* Student t-values are reported in parentheses. 

* A joint F-test of the null hypothesis that all the regression 
coefficients for the X's are equal to zero was rejected at the 1% 
level of significance. 
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variables—education and weather—also have 
statistically significant effects (.01 level) on 
agricultural productivity. 


Empirical Analysis for 1981—90 


Equilibrium supply and demand conditions 
were analyzed unller a situation of moderate 
growth in demand (1.6% compounded annu- 
ally) over the period 1981-90.3 From the sup- 
ply side of the model, productivity is deter- 
mined endogenously as a function of farmers' 
education and research and extension expen- 
ditures. Weather conditions are assumed to be 
average. The model allows for an annual 
growth rate in research and extension expen- 
ditures of 3%, similar to the 1929 to 1980 
growth rate. Consequently, variations in these 
expenditures will be measured along a line 
having a growth trend. Finally, the weight w of 
expenditure instability is specified to be one- 
tenth the weight of instability in the target 
variable, farm price.* 

Two main questions are considered: (a) 
what is the optimum pattern of agricultural 
research and extension expenditures; and (b) 
what are the consequences of failing to 
achieve the optimum pattern of expenditures? 
In analyzing the optimum pattern, selected 
target values of the farm price variable are 
related to rates of return on investment. 


Rate of Return on Investment 


The objective function in equation (12) was 
minimized with respect to the equation of mo- 
tion (11) for a wide range of annual growth 
rates in farm prices. The equilibrium quan- 
tities obtained were used to calculate the mar- 
ginal product of research and extension in- 
vestment. Using the regression coefficients 
from the productivity index equation, the 
internal rate of return can be calculated as 


y y(TQ/TR) 
$y (l + IRR)! 


where y; is the regression coefficient as previ- 


(14) = 1, 


3 The base scenario assumes a series E population (0.85% an- 
nual growth rate), 3% annual growth rate for per capita disposable 
personal income, and moderate growth in farm exports which 
reflects trends established prior to 1972. 

4 The coefficient of variation as measured by actual deviations 
from the trend from 1943-77 for real research and extension 
expenditures was only a fraction of that for real farm prices. This 
calculation and tbe relative importance of farm price in the present 
model led to our weighting deviations in farm price more heavily 
than deviations in research and extension expenditures. 
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Table 2. Costs and Returns of Restricting Ris- 
ing Agricultural Output Prices through In- 
creased Research and Extension Expenditures, 
1981-90 








Annual Rate of Return 
Research and on Research 

Annual Trend in Extension and Extension 
Farm Price Expenditures Expenditures? 
(96) ($ million) (96) 
0.7 695.8 36.0 
0.6 968.1 27.9 
0.5 1,348.2 21.2 
0.4 1,878.4 15.6 
0.3 2,618.0 10.9 
0.2 3,649.4 6.9 





* Rate of return on research and extension expenditures by the 
public sector after accounting for private research expenditures. 
Each of these three categories are assumed to be equal in weight. 


ously defined, TO is the geometric mean for 
agricultural output for the period 1981-90, TR 
is the geometric mean for research and exten- 
sion expenditures for the period 1981-90, and 
IRR is the internal rate of return. The rate of 
return calculated in this manner was reduced 
by one-third to account for the impact of pri- 
vate research. The procedure is based on the 
assumption that the three categories—private 
research, public research, and extension—are 
equal in weight. 

The levels of research and extension expen- 
ditures required to achieve selected growth 
rates in real farm prices are reported in table 2, 
as well as the rate of return on those particular 
levels of expenditures. The rate of return de- 
clines as research and extension expenditures 
are used to reduce the annual growtp rate in 
farm prices. For example, increasing annual 
expenditures for the 1981-90 period from 
$1,878.4 million to $2,618.0 million will reduce 
the annual growth rate in real farm prices from 
0.4% to 0.3%. However, the rate of return on 
research and extension expenditures, shown 
in the third column of table 2, would drop from 
15.6% to 10.9%. Other tabular figures may be 
interpreted similarly. 

The research and extension expenditure 
pattern chosen as the base situation is that 
which would result in a 0.4% annual increase 
in real farm prices. This situation was chosen 
for further analysis because it is closest to the 
actual trend in research and extension expen- 
ditures. Furthermore, the 15.695 rate of return 
from this pattern of expenditures corresponds 
to the level that Ruttan (p. 531) argues are in 
the public interest. Agricultural quantity, 
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price, and productivity indexes for the base 
pattern of research and extension expendi- 
tures are shown in table 3. In 1980 dollars, the 
base expenditure level is $1,621 million in 1981 
and grows 3% annually through 1990. Total 
expenditures for the ten-year period are 
$18,472 million (or $13,408 million discounted, 
assuming a 6% discount rate). The indexes of 
farm production and prices received by farm- 
ers are equilibrium values simultaneously de- 
termined with the optimal pattern of research 
and extension expenditures. Farm production 
would be expected to increase 14.296 over the 
period, while real.farm prices—the target 
variable—would increase approximately 
2.7%. The productivity index is the ratio of 
output per unit of input for aggregate agricul- 
tural production. All three indexes are ex- 
pressed on a 1967 = 100 basis. 


Effects of Underfunding 


Policy makers may be tempted to underfund 
agricultural research at less than optimum 
levels in order to cut current government 
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spending. However, there may be long-run 
costs associated with such a strategy. Consid- 
ering federal budgets for several years in the 
future allows a variety of approaches to be 
evaluated. Some selected approaches to re- 
ducing research and extension expenditures 
will be described and analyzed in this section. 
First, research and extension expenditures 
could be cut in the early years and then made 
up later, so that advances in productivity 
could continue leaving consumers no worse 
off. We hypothesize that this approach would 
require more government funding over the pe- 
riod but leave consumers virtually unaffected. 
Under a second approach, policy makers 
could cut support in the early years and then 
return expenditures to the base situation in 
later years. Finally, a new lower expenditure 
base could be established. The latter two ap- 
proaches would result in a direct government 
saving but might substantially increase costs 
to consumers. An important question is 
whether or not the reduction in government 
expenditures ultimately would be offset by 
higher food costs. 


Table 3. Agricultural Quantity, Price and Productivity Indexes for Selected Research and 


Extension Expenditure Strategies 


Research and Extension 





Expenditures 
Indexes 
1980 Discounted 
Year Dollars to 1980 (6%) Quantity Price Productivity 
------- ($ million) ------- 
I. Base situation 
1981 1,620.83 1,529.08 129.06 248.81 120.97 
1984 a 1,759.35 1,393.58 134.56 251.69 126.16 
1987 1,917.03 1,274.94 140.81 253.55 131.59 
1990 2,108.08 1,177.15 147.38 255.40 137.08 
Ten-year total 18,471.66 13,407.58 
II. Ten percent below base for 3 years and then above base 
1981 1,458.75 1,376.17 129.06 248.87 120.96 
1984 2,004.16 1,587.49 134.53 251.86 126.09 
1987 2,154.17 1,432.66 140.82 253.45 131.58 
1990 2,351.72 1,313.20 147.47 254.93 137.24 
Ten-year total 19,691.06 14,120.99 
III. Ten percent below base for 3 years and then return to base ° 
1981 1,458.75 1,376.17 129.06 248.87 120.96 
1984 1,759.35 1,393.58 134.52 251.93 126.07 
1987 1,917.03 1,274.94 140.76 253.82 131.44 
1990 2,108.08 1,177.15 147.34 255.60 136.93 
Ten-year total 17,995.95 12,984.17 
IV. Ten percent below base situation for 10 years y 
1981 1,458.75 1,376.17 129.06 248.87 120.96 
1984 1,583.42 1,254.22 134.51 251.98 126.06 
1987 1,725.33 1,147.45 140.71 254.12 131.34 
1990 1,897.27 1,059.44 147.23 256.17 136.67 
Ten-year total 16,624.49 12,066.82 
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The first hypothetical case of underfunding 
(relative to the base situation) is when policy 
makers decide to reduce research and exten- 
sion expenditures 10% below the base level for 
three years and then spend enough during the 
later part of the ten-year period to generate the 
same level of consumer surplus as the base 
level. The expenditures required to achieve 
this strategy are shown as alternative II in 
table 3. These results indicate that it is possi- 
ble, although costly, to overcome underfund- 
ing for a limited number of years. In the first 
three years this strategy would reduce expen- 
ditures $476 million. However, expenditures 
would have to be increased $1,219 million 
($713 million discounted) above the base in 
order to leave consumers unaffected. Thus 
each dollar that policy makers try to save now 
ultimately will cost the government $2.56 
($1.50 discounted). 

The second case of underfunding involves a 
1096 reduction in expenditures for the first 
three years followed by a return to the base 
level of expenditures for the fourth and re- 
maining years with no recovery attempt being 
made. The effect on productivity, prices, and 
farm production are shown as alternative III in 
table 3. Productivity and production are less 
than the base situation, while equilibrium 
prices are higher. Although these differences 
may not appear very great, they must be put 
into perspective. These figures represent total 
agricultural production in the United States. 
Even slightly higher prices translate into a 
substantial reduction in consumer welfare. 
The estimated reduction in consumer surplus 
is small in the first few years, but as the 
cumulative effect of underfunding is felt, the 
magnitude of consumer surplus reduction rises 
substantially. Over the ten-year period the 
consumers of U.S. agricultural products 
would experience $1.86 billion in reduced con- 
sumer surplus due to underfunding.? The pres- 
ent value of this loss in consumer surplus is 
$1.30 billion compared to the present value of 
government budget savings of $0.42 billion. 
From these figures, it is evident that this strat- 
egy would result in a loss of consumer surplus 
of $4.39 ($3.07 discounted) for consumers for 
each dollar saved by the government. 

A final underfunding case involves estab- 
lishing and maintaining a lower level of fund- 
ing than in the base situation. In this case, 


5 Approximately three-fourths of the loss in consumer surplus is 
expected to accrue to U.S. domestic consumers, while the re- 
mainder is expected to accrue to foreign consumers. 
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research and extension expenditures are 10% 
below the base situation for the entire period. 
This expenditure pattern as shown by alterna- 
tive IV in table 3 has a greater effect on farm 
output and prices than a temporary reduction. 
The reduction in consumer surplus which re- 
sults from this permanent reduction in expen- 
ditures is shown in figure 1. Although initially 
the savings in government expenditures are 
higher than the loss in consumer surplus, the 
reduction in consumer surplus increases rap- 
idly through time and soon far outweighs the 
budget savings. This relationship can be ex- 
plained by the lagged effect of research and 
extension expenditures on productivity. Over 
the period 1981-2000 (figure 1), consumer 
surplus would be reduced $11.8 billion ($5.7 
billion discounted). Yet, the reduction in gov- 
ernment expenditures would amount to only 
$4.2 billion ($2.3 billion discounted). 


Implications 


Agricultural research and extension expendi- 
tures in one year will affect agricultural pro- 
ductivity and, hence, farm and food prices for 
many years in the future. The contribution of 
these expenditures to agricultural productivity 
is relatively small in the first few years, in- 


(Million Dollara} 








Beo 195 2000 (Yea) 
Figure 1. Long-run impact of a reduction in 
funding for agricultural research and extension 
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creases to a maximum in the sixth and seventh 
years, and then declines through the four- 
teenth year. In choosing the appropriate level 
of expenditures in each year, policy makers 
Should take into account multiperiod effects. 
Since expenditures in each year will affect 
productivity in later years, inadequate funding 
of agricultural research and extension ac- 
tivities in one period will be very difficult to 
overcome later. The problem of selecting the 
optimal level of expenditures is also stochas- 
tic. Therefore, the uncertainty surrounding re- 
search breakthroughs makes it impossible to 
control future outcomes exactly. 


[Received January 1981; revision accepted 
August 1981.] 
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Disequilibrium Market Analysis: An 
Application to the U.S. Fed Beef Sector 


Rod F. Ziemer and Fred C. White 


In this paper current theory and estimation procedures are applied in an analysis of 
disequilibrium price behavior in the U.S. fed beef sector. Although tests of equilibrium 
versus disequilibrium hypotheses are not well developed, results indicate the possible 
presence of disequilibrium prices in the market for fed beef; at least the hypothesis of 


significant disequilibrium could not be rejected. 


Key words: disequilibrium, fed beef, maximum likelihood estimation. 


The purpose of this study is to consider the 
nature of price adjustments in agricultural 
commodity markets in light of recent devel- 
opments in disequilibrium theory and estima- 
tion. By disequilibrium we mean that market 
transactions occur at prices which do not clear 
the market, so that some buyers or sellers are 
not able to trade desired quantities at the pre- 
vailing price. Given the possibility of dis- 
equilibrium prices, an important issue regards 
the nature of price and quantity adjustments in 
the market. Generally, a basic economic as- 
sumption is that at the market price, quantity 
transacted is equal to the minimum of demand 
and supply (Clower), or in other words, the 
short side of the market dictates the level of 
exchange. Several mechanisms regarding dy- 
namic price adjustments in a disequilibrium 
model have been proposed assuming either 
market price is predetermined or endogenous 
(see Ito). A brief review of current disequilib- 
rium theory and empirical applications can be 
found in Gourieroux, Laffont, and Monfort. 
We propose that in certain agricultural mar- 
kets observed prices may not be associated 
with an identity of demand and supply. In this 
paper, the competitive equilibrium hypothesis 
is discussed and analyzed with application to 
the U.S. fed beef sector. 

In the next section, theoretical consid- 
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erations are addressed. A distinction is made 
between dynamic equilibrium models and dis- 
equilibrium models in which markets are not 
assumed to clear continually. Causes of dis- 
equilibrium price behavior are discussed. 
Next, a model of fed beef demand and supply 
is. estimated in a general disequilibrium 
framework. Finally, results are discussed and 
evaluated with suggestions made for further 
research. 


Theoretical Considerations 


Following Labys, consider the following gen- 
eral dynamic equilibrium model: 


(1a) D, = KPa Xj) 

(1b) S, = fP, Zò), . 
(1c) P, = fdh, W;), 

(1d) dl, =I, — I3 = $,— D, 


where t represents time, D is demand, S is 
supply, P is price, Q is the quantity ex- 
changed, 7 is the level of inventory and X, Z, 
and W represent appropriate exogenous fac- 
tors. À primary feature of the model defined in 
(1) is that quantity demanded is not restricted 
to equal quantity supplied in any given time 
period. The level of excess demand, D, — 5,, is 
assumed to be absorbed by inventory adjust- 
ments through the market clearing identity 
(1d). Therefore, there are two market-clearing 
adjustment mechanisms: price and inventory. 
The model allows for the possibility of excess 
demand so that D, and S, are not restricted to 
be equal; but, as in the traditional cobweb 
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model, the market always clears—that is, no 
buyers or sellers are unable to achieve their 
desired level of transactions at prevailing 
prices in any given time period. Prices and 
inventories are always assumed to adjust 
sufficiently to result in market clearing. If the 
commodity of interest is one that is easily 
stored and quantities transacted do not vary 
significantly over time, the model described by 
(1) may accurately depict price behavior in the 
market. However, agricultural commodities 
are often highly perishable, particularly at the 
farm level. Furthermore, quantities marketed 
for many commodities often follow seasonal 
trends and production cycles (see Meadows). 
These and other natural phenomena, such as 
weather variability, can make inventory ad- 
justments difficult in many agricultural mar- 
kets. In the model defined above, if inven- 
tories do not vary or do not exist, it is assumed 
that price will adjust sufficiently to clear the 
market. 

Following Quandt (1978a), the characteris- 
tic that distinguishes disequilibrium from 
equilibrium models is relaxing the assumption 
that both the quantity supplied and the quan- 
tity demanded are equal to the quantity trans- 
acted. The simplest disequilibrium model 


imaginable would consist of equations (1a) and. 


(1b). However, such a model provides no in- 
formation on what quantity will be transacted 
at nonequilibrium prices. If we assume that 
exchange is voluntary, the quantity transacted 
cannot exceed the minimum of quantities de- 
manded and supplied, or Q, = min (D,, S,). If 
exchange exhausts all mutually advantageous 
transactions, then Q, = min (D, S,). As noted 
by Grossman, combining both assumptions 
yields the condition 


(2) Q, = min (D,, Sà). 


This condition represents a formal statement 
of the notion that supply and demand sched- 
ules set limits within which fluctuations in ob- 
servable price-quantity behavior will occur 
(Smith). The addition of equation (2) closes 
the model by unambiguously specifying the 
quantity exchanged at nonmarket clearing 
prices. À model consisting of equations (1a), 
(1b), and (2) indicates the effect of disequilib- 
rium prices on the quantity exchanged but fails 
to describe the nature of buyer and seller be- 
havior in periods when the market does not 
clear. Therefore, it is usually customary to 
include a Walrasian price adjustment mecha- 
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nism in the model. Then a simple disequilib- 
rium model can be written: 


(3a) D, = fP, Xi), 


(3b) S, = f(P,, Zi), 
(3c) Q, = min (D, $;), 
(3d) dP, = X(D, — Sj), 


where 0 = à x o, and all variables are as 
defined previously. Although it is possible to 
derive more sophisticated disequilibrium sys- 
tems, this set of equations constitutes a fairly 
general model. Furthermore, if D, = S, for all 
t, then (3) reduces to the competitive equilib- 
rium model which is a special case of the dis- 
equilibrium model. 


Disequilibrium in the Market for Fed Beef 


In general, there are numerous possible causes 
of disequilibrium. Examples are inordinate 
weather, sudden changes in population or 
other demographic variables, and specific 
influences peculiar to a particular market (van 
Doorn). Barring artificial price-quantity con- 
straints, ignorance on the part of buyers and 
sellers as to the true equilibrium price and 
shifting of market supply and demand curves 
would allow for the possibility of excess de- 
mand to occur (Hess). The idea that incom- 
plete information can lead to disequilibrium 
price behavior has been often suggested (see, 
for example, Lancaster or Smith). Gordon and 
Hynes contend that incomplete information is 
the most tenable explanation of dynamic price 
behavior relationships and that disequilibrium 
involves some form of uncertainty regarding 
knowledge of demand and supply schedules. If 
prices are perfectly flexible, then exogenous 
market shocks may not necessarily lead to 
disequilibrium prices, given complete market 
information. Under conditions of incomplete 
information, product perishability and the 
long production cycle for some agricultural 
commodities may hamper desired short-run 
changes in quantity supplied and generate 
prices which fail to clear the market. 

The U.S. beef sector is usually divided into 
two separate markets: fed and nonfed beef. 
Both share common causes of possible dis- 
equilibrium due to incomplete information. 
For example, extreme weather conditions, 
such as severe winters or droughts, may result 
in unplanned disruptions in quantities mar- 
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keted, while long production cycles may limit 
the responsiveness of quantities marketed to 
rising prices. While the two markets are simi- 
lar in some respects, they differ with regard to 
possible causes of disequilibrium price behav- 
ior. First, the final stage of the fed-beef pro- 
duction cycle does not show quick respon- 
siveness to changes in demand. Short-run 
flexibility in quantity supplied is low because 
of the feeding cycle length and the high trans- 
actions costs of maintaining marketable live- 
stock on feedlots. Sources of nonfed beef 
often have alternative production capacity 
such as dairy or breeding use. Consequently, 
short-run quantity adjustments probably are 
more price responsive for nonfed beef than for 
fed beef. Furthermore, the income elasticity of 
demand is much higher for fed beef than for 
nonfed beef (Arzac and Wilkinson, Freebairn 
and Rausser). The greater sensitivity of fed- 
beef demand to changes in income increases 
the chance of disequilibrium in the market for 
fed beef versus nonfed beef, particularly when 
slower supply adjustments characterize the 
fed-beef sector. Government involvement in 
the U.S. beef economy exemplified by the 
1964 import bill PL 88.482 and the 1971 to 1974 
wage and price controls also may cause dis- 
equilibrium prices (Multop and Helmuth). 
Some firms in the fed-beef market may be 
able to obtain market information and react 
before the information becomes available to 
all other market participants. Ward (1980) 
concluded that carcass beef price changes do 
not reflect all available new market informa- 
tion. Market concentration of buyers and 
sellers of fed beef may provide an opportunity 
for some firms to take advantage of limited 
market information, especially on a local 
basis. Meisner and Rhodes and Multop and 
Helmuth recently found evidence of such be- 
havior by U.S. cattle feeders and beef pack- 
ers.! Also, Ward (1979) found that cattle 
buyers and sellers often possess varying 
amounts and types of information about prices 
and market conditions. Thus, some individ- 
uals often have an information advantage. 
Such information differences among market 


! As of 1978, the weighted-average four-firm state-level concen- 
tration ratio in the U.S. fed-beef slaughtering industry had in- 
creased to 66% while the national four-firm concentration ratio 
had increased to 32% (see Multop and Helmuth). On the seller 
side of the market, over the 1962-73 period, the total number of 
cattle fed by farmer-feeders remained unchanged, while the total 
number fed by commercial feeders rose over 200% (Meisner and 
Rhodes). 
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participants can lead to price deviations away 
from competitive levels when markets exhibit 
a lack of price and quantity flexibility. 

In general, if prices are highly flexible, even 
markets characterized by inelastic short-run 
supply can still exhibit market-clearing behav- 
ior, given complete information. However, a 
lack of flexibility in prices and quantity 
supplied and differences in information avail- 
ability among market participants (charac- 
teristics apparent in the fed-beef market) can 
prevent a market from achieving equilibrium. 
In sum, disequilibrium prices in the U.S. fed 
beef sector seem likely because of (a) informa- 
tion not uniformly or completely distributed 
among market participants, (b) increasing 
concentration on both the buyer and seller 
sides of the market, (c) a lack of short-run 
production flexibility, and (d) an increasing 
level of government involvement. 


Empirical Model and Estimation 


In this section we construct a simple model of 
the U.S. fed-beef market consisting of four 
equations. The equations describe the demand 
and supply of fed beef, the observed quantity 
of fed beef transacted, and price adjustment in 
the market. Quarterly observations over the 
period 1965-79 were used in the estimation.” 

Demand is a function of own price, substi- 
tute prices, and income. The demand equation 
can be written: 


(4) D, = œ + a, UCP, + HP, 
+ œY, + a*P,, 


where D, is the quantity demanded of fed beef, 
UCP, is the price of utility cows, HP, is the 
price of hogs, Y, is income, P, is the price of 
fed beef, and the o's represent parameters to 
be estimated. Supply of fed beef is a function 
of own price, prior placements of cattle on 
feed, and the price of corn. The supply equa- 
tion is 


(5) S, = Bo + BiPC,-2 + BC, + B*P,, 


where $, is the quantity supplied of fed beef, 
PC, is the number of cattle previously placed 
on feed, C, is the price of corn, and the @’s are 
parameters. 


? Data for the analysis were from: USDA Agricultural Prices, 
Livestock and Meat Situation, Livestock and Meat Statistics, 
U.S. Department of Commerce Handbook of Cyclical Indicators, 
FRS Federal Reserve Bulletin, and USDA worksheets. 
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In a disequilibrium model the observed 
quantity exchanged is not given by the inter- 
section of demand and supply. In this model, 
the quantity transacted is assumed to be asso- 
ciated with the short side of the market so that 
the third equation in the model is given by 
(3c). The final equation in the model is given 
by (3d), which describes price adjustment in 
the market. We assume the following price 
adjustment mechanism: dP, = P, — Pı, which 
implies that price adjusts during the period but 
does not generally succeed in clearing the 
market (Fair and Jaffee). 


Estimation 


For estimation purposes, we can compactly 
write our model as follows: 


(6) D, = Xa + P,a* + uy, 
= ZB + P,p* + Vis 
Q: = min (Di, Si), 
dP, -— A(D, S $,), 
where t = 1... T, X, and Z, are defined in (4) 


and (5), œ and B are conformable parameter 
vectors, dP, = P, — P, ,, and u, and v, are 
normally distributed random error terms with 
zero means and variances o,? and o,?. An 
immediate estimation problem concerns the 
observability of D, and $,. Unlike an equilib- 
rium model, D, and S, cannot both be strictly 
identified with observed quantity, Q,. Fair and 
Jaffee suggest eliminating D, and S, from the 
model by reducing the system in (6) to the 
following two equations: 


(7) Qi = Xia + P.a* C A*d, + Ue, 
Qi = ZB + P,* + As, + vo 


where A* = (1/)), 


4, = dP if dP, > 0, 
t~ | 0 otherwise, and 


_ [dP, if dP, < 0, 
Mes 0 otherwise, 


so that all variables are observable for t = 1 

. T. Amemiya shows that the parameters of 
(7) can be consistently estimated by two-stage 
least squares in which predicted values are 
substituted for all values of right-hand-side 
endogenous variables including d, and s,. AI- 
though consistent, the two-stage least squares 
estimator in this case is not asymptotically 
efficient and there is no guarantee that the two 
resulting estimates of A* will be equal. For 
these reasons the maximum likelihood es- 
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timator, which is consistent and asymptoti- 
cally efficient for this model under general 
conditions (Amemiya), is used for estimating 
the parameters in (6). 

The appropriate likelihood function for the 
model can be found in Laffont and Garcia (p. 
1202). Estimation of the model was accom- 
plished following the gradient search proce- 
dure suggested by Berndt et al., in which 


(8) Onti = On + ysHsgs, 


where 6 = [a, a*, B, B*, A, oV, o], 0 < yn < 
1 where y, is the step-size for the nth round 
estimate of 0, e = [0L/90,], L is the likelihood 


function, and 
a] Laat: 


H, => E 
i=l 

where [dL,/06,] is the gradient vector for the 

ith observation evaluated at 0,. An acceptable 

choice for y, satisfies the condition: 








(9) 0 -h(0,,,, On) x 1, 
where 
hicar 6) e L0 — L0) 
Yn d'n Bn 
where d, = H,g,. Satisfying condition (9) 


guarantees solution improvement at each iter- 
ation; proof of convergence is given by Berndt 
et al. (p. 656). 


Results 


Numerical results appear in table 1. Parameter 
estimates for the model assuming equilibrium 
are also presented in which the last two equa- 
tions of (6) are replaced by the market-clear- 
ing identity Q, = D, = S,. The equilibrium 
model was estimated using two-stage least 
squares (2SLS). For the disequilibrium model, 
thirty-nine observations were identified with 
the supply curve (dP, > 0) and twenty-one 
observations were identified with the demand 
curve (dP, < 0). Maximum likelihood results 
for the disequilibrium model appear under the 
heading MLE. For all estimates, asymptotic 
standard errors appear in parentheses.? 


> To derive an estimate of the standard error of À* = 1/2, the 


general asymptotic covariance matrix of a nonlinear vector func- 
tion of a maximum likelihood estimator 6, say ¥(0), is used: 


aL t 
Di- D' 
| 36a’ 
where L is the likelihood function for the model and D denotes the 
derivative of Y(O) with respect to © (Theil, p. 373). 
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Table 1. Results for a Demand and Supply Model of the U.S. Fed Beef Sector, 1965—79 
Estimated Coefficients 
Variable - TSLS MLE 
Demand equation 
Constant 588.0250 1,381.1400 
(705.3493) (522.9030)** 
Price of fed beef, P, —72.0056 —55.1454 
(Omaha 900-1,100 Ib. choice, $/cwt) (38.6898) (13.6897)* 
Price of utility cows, UCP, 89.7490 66.7723 
(Omaha, $/cwt) (37.1072)* (4.9422)* 
Price of hogs, HP, —9.1478 — 17.3468 
(Barrows and gilts, 7 mkts., $/cwt) (13.7149) (5.1964)* 
Per capita personal income ($1,000), Y, 172.2290 152.0580 
(deflated by CPI) (25.8488)* (13.5731)* 
Supply equation 
Constant 4,194.9200 3,873.0000 
(376.2395)* (299.7190)* 
Price of fed beef, P, 43.3438 60.3543 
(Omaha 900—1,100 Ib. choice, $/cwt) (10.6434)* (8.9843)* 
Placement of cattle on feed, PC, , .1526 .2013 
(1,000 head) (.0621)* (.0188)* 
Price of corn, C, —42.0864 —68.9145 
(received by farmers, $/10 bu.) (10.6434)* (8.6626)* 
Price adjustment equation 
à .0111 
(.0009)* 
A* 90.3000 
(7.2833)* 


Note: Dependent variable—-fed-beef marketings (carcass weight, m. Ib.); number of observations = 60. 
* Asterisk indicates significantly different from zero, a = .05 (standard errors in parentheses). 


All estimated parameter values show theo- 
retically correct signs except for the estimate 
on the price of hogs, HP,, in both estimated 
equations. All parameter estimates in the dis- 
equilibrium specification are significantly dif- 
ferent from zero at usual significance levels. 
Based on the parameter estimates for P, and Y, 
in the demand equation, price elasticity of de- 
mand and income elasticity are slightly higher 
under the equilibrium model than those im- 
plied by the disequilibrium specification. 

In the disequilibrium model, the estimate of 
the price adjustment coefficient, A, is positive 
as theoretically expected and significantly dif- 
ferent from zero, implying the null hypothesis 
of no price adjustment or permanent dis- 
equilibrium (A = 0) can be rejected. Appealing 
to the asymptotic normality of maximum 
likelihood estimates, Fair and Jaffee suggest 
that the hypothesis of perfect or continuous 
equilibrium can be tested by testing the hy- 
pothesis that A* = 1/A = 0. The estimate of À* 
in table 1 is significantly different from zero. 
This result indicates that price may not be 


sufficiently flexible in the U.S. beef economy 
so as to insure a state of continuous equilib- 
rium. However, Quandt (1978b) concluded in 
a Monte Carlo study that the ratio of the max- 
imum likelihood estimate of À* to its asymp- 
totic standard error may not be well approxi- 
mated by a normal distribution, and so the test 
leads to a high probability for type I error. 
Alternatively, Quandt concluded that the Fair 
and Jaffee test gives satisfactory inferences 
wben the null hypothesis of equilibrium is 
false. Other tests of equilibrium versus dis- 
equilibrium have been suggested (Bowden, 
Quandt 1978b), but there is no generally ac- 
cepted approach to the problem. 

Besides specification error, the empirical 
consequences of specifying a disequilibrium 
model as an equilibrium model relate largely to 
how well the model performs in forecasting 
market price. To compare the forecasting per- 
formance of the estimated models, two well- 
established criteria were used. The first is 
root-mean-squared error (RMSE) based on 
the reduced form of (6) solving for current 
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price P,. The second involves auxiliary regres- 
sion equations for estimated and actual prices 
of the form: 


(10) P, = hi + Pr + ep 


where Ê, is estimated price from the reduced 
form of (6) based on parameter estimates of 
the model (see table 1), P, is the actual ob- 
served price, ġ, and ¢, are parameters, and e, 
is a normally distributed random-error term 
with zero mean and finite variance (Yeh). In 
such a goodness-of-fit model, a perfect fit 
would result in $, = 0, d = 1, and R? = 1. 

In table 2, RMSE along with parameter es- 
timates and R? based on equation (10) for the 
three models in table 1 are presented. Values 
for t-statistics for the null hypotheses that ¢, = 
0 and $, = 1 appear in parentheses. Besides 
the available sample observations for the pe- 
riod 1965-79, observations outside the sample 
period for the first two quarters of 1980 also 
were used in the calculation of RMSE and the 
estimation of the goodness-of-fit equation 
(10). Referring to table 2, RMSE was slightly 
lower for the equilibrium model, TSLS, than 
for the disequilibrium model, MLE. For the 
price equation (10), the hypotheses concern- 
ing the values of $, and œ, could be rejected 
for both models given a = .10. R? was slightly 
higher for the disequilibrium model. Overall, 
these results fail to indicate that either of the 
models yield more accurate price forecasts 
when historically evaluated over the period of 
analysis. However, disequilibrium models 
would not generally be expected to outper- 
form equilibrium models in markets that nor- 
mally exhibited equilibrium behavior, espe- 
cially when evaluated over long historical pe- 
riods. Alternatively, disequilibrium models 


Table 2. Auxiliary Price Equation Results and 
RMSE for Estimated and Actual Values of P, 


Price Equation Results 








Model RMSE ài à Re 
1965-1980 (I1) 
TSLS .5283 2.89 92 
(1.73)** (1.95)** 
MLE .5384 4.85 .83 
(3.72)* (5.36)** 
1971-1974 
TSLS 1.1843 
MLE 7653 





a Single asterisk indicates significantly different from zero, a = 
.10; double asterisk, significantly different from one, a = .10. 
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should yield more accurate price forecasts 
during periods of significant market disequilib- 
rium. 

To test this hypothesis in the market for fed 
beef, RMSE was calculated for the equilibrium 
and disequilibrium specifications over the pe- 
riod 1971-74, during which government wage 
and price controls were administered. Multop 
and Helmuth (1980) have argued that beef 
prices were significantly distorted from 
equilibrium levels during this period. Results 
of the analysis, presented in table 2, show the 
disequilibrium model yielded substantially 
more accurate price forecasts over the 1971— 
74 period. 


Conclusions 


Although disequilibrium market analysis is 
still in an early stage of development, spec- 
ification and estimation of relatively simple 
models are possible. In this paper we apply 
current theory and estimation procedures to 
the U.S. fed-beef sector. Although tests of 
equilibrium versus disequilibrium hypotheses 
are not well developed, results indicate the 
possible presence of disequilibrium price be- 
havior in the market for fed beef. At least the 
hypothesis of significant disequilibrium could 
not be rejected. 

The disequilibrium model yielded more ac- 
curate fed-beef price forecasts than the 
equilibrium model over the 1971-74 period 
during which government wage and price con- 
trols were in effect. These results support the 
idea that disequilibrium models can provide 
valuable information concerning the effect of 
institutional price-quantity distortions in the 
market. Even in cases where equilibrium 
models predict as well as disequilibrium mod- 
els when evaluated using long periods of his- 
torical data, determination of extreme market 
disturbances may more accurately be esti- 
mated in a disequilibrium framework. In situa- 
tions where proposed agricultural policy might 
severely affect commodity markets, a dis- 
equilibrium model may provide policy makers 
and analysts with useful information concern- 
ing the speed with which normal competitive 
behavior will resume. 


[Received August 1980; revision accepted 
August 1981.] 
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Price Trends at Livestock Auctions 


Steven T. Buccola 


Auction bidders may pursue a large number of reasonable bidding strategies, including 
those that are risk-neutral and risk-averse. Risk-averse bidders are especially tempted by 
_ the auction process to discriminate against themselves, that is, to offer prices close to 
their reservation prices or target prices. Self-discrimination, in turn, usually implies that 
quality-corrected prices of individual lots trend downward as the sale proceeds. The 
empirical evidence for downtrending prices at selected yearling steer sales is examined. 
Implications are then drawn for auction pricing efficiency and equity. 


Key words: bidding strategies, livestock auctions, price discovery, price discrimination. 


One task of agricultural marketing research is 
to investigate the impact of price discovery 
mechanisms on price behavior and accuracy. 
An important subset of this research has fo- 
cused on the auction method of price discov- 
ery, either to evaluate the performance of al- 
ternative auction rules or to describe how 
traders behave, or should behave, at auctions. 
The former category includes studies by 
McPherson, Butler, Vickrey, Smith, and 
Frahm and Schrader. The latter includes those 
by Traylor, Duncan, Sosnick (1963, 1965), and 
Whan and Richardson. 

A property often ascribed to the auction 
process is that it encourages buyers to dis- 
criminate against themselves. If only one lot is 
offered for sale in an ascending (English) auc- 
tion, it will be sold, in the absence of collu- 
sion, at a price just above the second highest 
reservation price of all bidders present. As a 
consequence, nearly all the buyer's surplus is 
extracted by the seller. 

More commonly in English auctions of ag- 
ricultural goods, numerous lots are offered for 
sale serially. Because the demand for each lot 
cannot be predicted with certainty, noncollu- 
sive, nonsatiated buyers will be tempted to 
offer their full reservation price on the next lot 
tendered. If buyers fall prey to this temptation 
and if reservation prices among buyers differ, 
realized prices of homogenous lots will decline 
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during an auction as the most eager buyers 
become satiated and cease bidding. Hence, 
the presence of declining prices at an auction 
of homogenous lots suggests that buyers are 
succeeding in discriminating against them- 
selves. 

This paper considers arguments for and 
against the presumption of declining prices at 
English auctions. It then investigates auction 
sales of feeder yearling steers in Virginia to 
test the declining-price hypothesis. Tentative 
conclusions are drawn about the pricing accu- 
racy of livestock auctions and about equity 
among cattle buyers and sellers. 


Conceptual Issues 


Sosnick (1963) suggested that, although in- 
equality of buyers' reservation prices tends to 
promote a price downtrend during an auction, 
other factors act to nullify this effect. First, 
buyers may come and go during the auction, 
interrupting a downtrend. Second, obvious 
quality differences between successive lots 
can obscure differences in buyers' valuations 
of any given lot. Third, early in the sale, 
buyers will not usually offer their full reserva- 
tion price, but rather the average price they 
expect to occur later in the sale. 

The last argument is similar to Vickrey's, in 
which each of n expected-profit-maximizing 
bidders draws from the same uniform proba- 
bility distribution a valuation of two identical 
and consecutively offered lots. Optimal strat- 
egy requires that each bidder offer the same 
average maximum bid for both lots. Thus, if 
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bidders with linear utility each pursue an op- 
timal strategy, the average realized price of 
both lots will be equal.! Even if the strict as- 
sumptions of perfect rationality and a common 
uniform probability distribution were relaxed, 
one could argue (with Sosnick) that bidders' 
forecasts of the average price later in the sale 
are likely to depend upon prices realized early. 
Many initially unsuccessful bidders may then 
revise their forecasts upward as the sale pro- 
ceeds, possibly overwhelming any price 
downtrend caused by satiation of initially suc- 
cessful buyers. 

A contrary insight into auction pricing be- 
havior is provided by Smith's experiments in 
which students acted as buyers and sellers of 
fictitious homogenous lots. Each seller was 
assigned the same perfectly inelastic supply 
schedule with the same minimum price, and 
each buyer was assigned the same perfectly 
inelastic demand schedule with the same 
(higher) maximum price. Aggregate supply 
was greater than aggregate demand so that, at 
the equilibrium price (the sellers’ minimum 
price), all economic rent accrued to buyers. In 
each of six auction sessions conducted, trans- 
action prices approached the equilibrium price 
from above. The inference is that, early in the 
sale, overeager buyers permitted economic 
rent to be extracted from them. The rate at 
which prices subsequently declined was pro- 
portional to the current excess rent in the 
market. In other words, buyers' initial at- 
tempts to bid lower prices met with little resis- 
tance because seller profits were high. Resis- 
tance increased as seller profits diminished, 
and resistance became absolute when seller 
profits vanished at equilibrium. Frahm and 
Schrader found a similar tendency for experi- 
mental auction prices to approach equilibrium 
from above in both English and Dutch sys- 
tems. 

An interesting implication of both experi- 
mental studies is that downtrends resulted 
from the way in which bidders collectively 
searched for the equilibrium price. The 
downtrends did not result from inequality of 
bidders' reservation prices or demand sched- 
ules because such inequalities were not pres- 
ent. A sufficient explanation for the observed 
downtrends, not depending on unequal reser- 
vation prices, is that although all buyers would 


! Vickrey's proof assumed that each bidder will be willing to 
pay a maximum price b, that is a function b,(v;) of the valuation 
each has drawn. Each function b,(vj) is the same for all bidders. In 
addition, initial bids on the first lot are sealed. 
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like to pay the lowest price possible, some 
wish to minimize the risk of failing to make 
any purchase during the session. The latter 
individuals are prepared to offer their full res- 
ervation price early in the sale. This results in 
initially high prices and early satiation of the 
most risk-averse buyers. The remaining 
buyers are those willing to risk a test of their 
hypotheses about the excess supply function 
at the market.? They do so by bidding closer to 
their expectation of the equilibrium price, the 
least risk-averse being willing to bid the lowest 
of all. Thus, buyers are satiated in the order 
of their risk aversion, producing a price 
downtrend. 

In contrast, Vickrey's and Sosnick's sup- 
position that buyers seek to minimize ex- 
pected payout at an auction, subject perhaps 
to acquiring a given number of lots, could not 
explain the consistent occurrence of Smith's 
downtrends. Having linear utility, each buyer 
would be ready, early in the sale, to offer a 
price no higher than his expectation of the 
equilibrium price. Such strategy might result 
in short-run disappointment, but greatest 
profits in the long run. 

In actual auction markets, of course, buyers 
generally differ in reservation prices they as- 
sign to specific lots because quality imputa- 
tions and expectations of net resale value are 
partially subjective. With unequal reservation 
prices, strong risk aversion among buyers is 
sufficient to explain a downtrend in prices 
even if buyers do not form an estimate of the 
excess supply function as the sale proceeds. 
This may be shown most clearly in cattle auc- 
tions, where buyers often have strong incen- 
tives to realize short-run gains. For éxample, 
order buyers of cattle are often directed to 
purchase a specific number of head in a given 
grade, weight, and sex class, at an average 
price not to exceed a stated maximum. Be- 
cause these buyers are paid on a per head- 
purchased basis, they reasonably wish to 
minimize the probability of not meeting the 
volume target set by their clients, subject to 
the client's reservation price. Under these 
conditions, the order buyer will prefer the next 
lot to any later lot if it is not bid higher than his 
reservation price. The aggregate result is that 
buyers remain eager bidders throughout the 


? One such hypothesis is that the average demand function of 
the buyers present is the same as one's own. The excess supply 
function is then the vertical supply of cattle offered for sale that 
day, truncated at the supposed seller reservation price, minus n 
times one's own demand function. 
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sale, satiating themselves in order of their 
reservation prices and producing a price 
downtrend. 

Another reasonable, risk-averse buyer ob- 
jective would give a similar result. Feedlots or 
packers with high fixed costs may wish to 
minimize the probability of having to exceed a 
target purchase price for cattle, subject to the 
restriction that purchased volume reach a 
given quota. In this case, the buyer prefers to 
raise any bid below his target price because, if 
his bid is successful, the chance of exceeding 
the target price vanishes. The result is that 
buyers again, satiate themselves in order of 
their target forices. Requiring that a purchase 
quota be satisfied may, however, have more 
complicated effects on price trends than would 
imposing a rigid reservation price. Some cattle 
buyers, finding their purchase quotas unfilled 
near the end of a sale, would be willing to bid 
at prices higher than their original target 
prices. This would produce the late uptrend in 
auction prices as recorded by Kuehn at West 
Virginia livestock auctions. 


Previous Empirical Work 


In summary, one cannot reliably forecast the 
direction in which quality-constant prices 
would trend during an auction without infor- 
mation about buyer reservation prices or de- 
mand schedules, buyers' arrivals and depar- 
tures during bidding, buyer objectives, the 
aggregate excess supply in the market, and 
buyers’ hypotheses concerning that excess 
supply. A large combination of factors could 
result in either price uptrends or approxi- 
mately stable prices. But we expect quality- 
constant prices to trend downward more often 
than not. This is because most buyers proba- 
bly are risk-averse in varying degrees and 
have unequal reservation prices. Each of these 
characteristics is conducive to a price 
downtrend. 

The few empirical studies available tenta- 
tively confirm the tendency of quality-con- 
stant or -corrected prices to drop as the 
sale proceeds. For example, in Traylor's anal- 
ysis of commercial-grade slaughter-calf auc- 
tion prices in Louisiana, prices generally de- 
clined during three of seven sales observed. In 
the four remaining sales, prices first rose and 
then fell, à phenomenon Traylor ascribed to 
late arriving and early departing buyers. 

Sosnick's (1965) own study of bull sales in 
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California provides more detailed evidence in 
this direction. After stratifying his sample into 
lots of equivalent grade and size, Sosnick 
found that mean price changes between one 
lot and the.next were zero if the same buyer 
bought both lots and —$10.00 if a different 
buyer bought each lot. If the probability were, 
say, .27 that the buyer of any two consecutive 
lots was the same person (a situation that 
might arise if there were relatively few large 
buyers present), the average price change 
from one lot to the next would have been 
—$7.30, or about 1.5% of the average bull's 
price. Therefore, some overall price down- 
trend seemed to predominate. 

Finaly, a moderate and statistically sig- 
nificant aggregate downtrend in feeder calf 
prices at 1976—77 West Virginia auction sales 
was reported by Kuehn. Although Kuehn ac- 
counted for weight, grade, and breed effects as 
well as lot position, he did not indicate the 
extent to which these characteristics may have 
been confounded with lot position. Nor did the 
study provide information about price move- 
ments in individual sales. 

In the following, I analyze price trends at 
individual auction sales of fall yearling steers 
during the period 1958—79. The analysis con- 
centrates on sales at the Winchester market in 
northern Virginia. Because yearlings in vari- 
ous weight, grade, and breed categories were 
involved and because the animals were sold in 
numerous lot sizes, the methods used for 
generating quality-constant prices are dis- 
cussed first. 


Sample and Methods 


State-graded yearling sales are held several 
times each fall at the Winchester market. Vir- 
tually all animals are destined for feedlots, 
primarily in Pennsylvania and the eastern 
Corn Beit. The larger buyers purchase on 
order for feedlot clients. Most other buyers 
are feedlot employees or farmer-feeders. 
Animals are sold in commingled lots averaging 
ten head and ranging from one to sixty head 
per lot; each lot is roughly homogenous in 
weight, grade, and breed. Steer weights gen- 
erally range from 650 to 1,000 pounds. About 
9095 of the animals fall into grades choice 
(large and medium no. 1’s), good (small no. 
1’s), and medium (large and medium no. 2's); 
the remainder fall into lower grades. During 
the 1960s, the predominant breeds were 
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Hereford and Angus; in the 1970s these were : strong. But Winchester market sales are or- 


joined by  Angus-Hereford crosses and 
Charolais cattle. A few lots involving lower 
grades and minor breeds, such as Shorthorns 
and their crosses, were deleted from the sam- 
ple. 

The overall strategy of estimating the price 
effect of a lot's position in an individual auc- 
tion session was straightforward. Per hun- 
dredweight price (P) realized for a lot was 
regressed against the average steer weight (W) 
in the lot; the number of head (LS) in the lot; 
zero/one designations representing good (G) 
and medium (M) grade groups and Angus (A), 
Angus-Hereford (AH), and Charolais (C) 
breed groups; and the order (LP) in which the 
lot was sold that day or the order in which it 
was sold within a particular grade that day. In 
symbols, i 


(1) P = P(W, LS, G, M, A, AH, C, LP), 


where the choice grade and Hereford breed 
are used as base groups. The effect was to 
regress prices corrected for weight, lot size, 
grade, and breed factors against either of the 
latter lot position variables, which were also 
corrected for such factors. 

A problem with this approach is that, in all 
Virginia state-graded feeder cattle sales, lots 
are purposely offered for sale in an order that 
is, to some extent, determined by weight, 
grade, and breed. Thus, measures of the latter 
factors will be correlated with lot position, 
thereby decreasing the precision of OLS esti- 
mates of the lot position effect compared with 
results one might obtain with uncorrelated 
data. 


Choice of Samples 


The first approach to overcome the multicol- 
linearity problem was to select an auction 
market with the least-pronounced tendency to 
offer lots in the order of intrinsic value.? In 
state-graded sales at most Virginia markets, 
higher-grade cattle are offered for sale before 
lower-grade cattle and, within each grade cat- 
egory, cattle are offered in order of ascending 
weight (hence usually descending value per 
hundredweight). For these markets, the nega- 
tive correlation between lot position and in- 
trinsic value per hundredweight is quite 


? Intrinsic value is the expected per bundredweight value of the 
animal to a feedlot operator, given current feed and expected 
slaughter cattle prices. 


ganized so that all choice Angus are first of- 
fered in order of ascending weight, followed 
by choice Herefords, choice Charolais, and 
choice Angus-Hereford crosses, each in as- 
cending weight. This order is then repeated for 
the good and medium grades. Fortunately, 
only a slight uptrend in value is associated 
with such ordering of breed types, so that 
within a single grade one would not anticipate 
a strong linear correlation between intrinsic 
value and lot position. 

Therefore, I defined lot position as the order 
in which a lot was offered within a particular 
grade, not within the entire day's sale. This 
definition can be defended because most 
feeder cattle buyers intend to purchase ani- 
mals only of a particular grade. At least they 
view their demands for different grades as dis- 
tinct from each other. Hence the effect of lot 
position on price was expected to be distinct 
within each grade offering. 


Extent of Multicollinearity 


Two indicators were used to assess multicol- 
linearity in the sample selected: (a) simple cor- 
relation coefficients of the explanatory vari- 
ables and (b) the square root of the ratio of the 
largest to the smallest eigenvalue of each auc- 
tion sale's standardized X'X matrix. The first 
approach, an often-used but limited tool, re- 
vealed frequently high negative correlations 
between the lot position (LP) and lot size (LS) 
variables and between the lot position and the 
Angus dummy (A) variable. The former re- 
flects the relatively small lots in which heavier 
cattle and Charolais cattle are marketed, each 
having late sale positions. The latter occurs 
between any trendlike variable and a dummy 
variable in which all 1.0's precede all zeros. 

The second approach offers a better mea- 
sure of the degree to which multicollinearity is 
likely to affect the stability of least squares 
estimates (Wichern and Churchill). If the ma- 
trix X of explanatory variables is orthog- 
onal, all eigenvalues of X'X are 1.0. There- 
fore, the square-root ratio of the largest to the 
smallest is also 1.0. As X becomes increas- 
ingly ill-conditioned, the ratio rises. The 
right-hand column of table 1 contains the 
square-root eigenvalue ratios for the eight- 
factor samples analyzed in this study; they 
range from 3 to 19.7. Belsley, Kuh, and 
Welsch (pp. 98-159) have shown that ill- 
conditioning of X begins to affect the stability 
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of least squares estimates when such ratios 
reach the neighborhood of 15.4 Thus, it ap- 
pears that the sample screening was successful 
in avoiding serious multicollinearity in all but a 
few instances. 


Model Specifications 


On this basis, I decided to rely principally on 
OLS fits of equation (1) to estimate lot posi- 
tion effects. In a subsequent model specifica- 
tion, lot size and the Angus dummy were re- 
moved as explanatory variables in order to 


observe the sensitivity of lot position effect 


estimates to these removals. Linear OLS es- 
timates of equation (1), with eight factors, are 
referred to below as OLS1. Estimates of equa- 
tion (1) with LS and A removed (six factors) 
are referred to as OLS2. For the samples with 
especially high eigenvalue ratios, ridge esti- 
mates 6,(k) = (X'X  kI)!X'Y of equation (1) 
also were calculated for comparison (Dossin, 
Pierce, Gunst).5 


Results 


Mean lot position effects at each of forty-two 
fall yearling steer sales in Winchester, Vir- 
ginia, 1958—79; are shown in table 1. Values in 
columns (2) and (3) are OLS coefficients of 
the lot position variable when this variable is 
expressed in linear form. Thus, the coef- 
ficients measure the mean price change in 
cents per hundredweight when lot position in a 
particular grade is advanced by one, holding 
other factors constant. R-squares correspond- 
ing to OLSI are in column (4), and square-root 
ratios of the highest to lowest eigenvalue in 
each standardized eight-factor X'X matrix are 
in column (5). Durbin-Watson tests revealed 
little evidence of serial correlation in residu- 
als. 

As expected, most lot position effects were 
negative. A considerable number of these ef- 
fects were positive during the 1958—68 period, 
although most of the latter were not statisti- 


* The spectral condition numbers referred to by Belsley, Kuh, 
and Welsch are actually calculated from X itself, not from the 
eigenvalues of X'X. However, spectral condition numbers and the 
square root ratios discussed here are theoretically equivalent 
(p. 101). . 

* Here k was equated to pó/B'B, where p is the rank of X and 
6* and B are OLS estimates of Y = 18, + X8 + e (Hoerl, Kennard, 
and Baldwin). References to a standardized X matrix in this paper 
mean that X is adjusted so that, for each X, of X,X.' 1 = Ó, X< X. = 
1, and X'X »* J, is a correlation matrix of the explanatory vari- 
ables. 
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Table 1. Mean Effect of Lot Position on Lot 
Price per Hundredweight, State-Graded Year- 
ling Steer Sales, Winchester, Virginia, 1958-79 


Mean Effect? 





Date-of. — ——777—7——- R- Eigenvalue 
Auction OLS! OLS2 Square? Ratio* 
(1) Q) (3) (4) (5) 
9/26/58 5.4 —4.6* .873 12.4 
9/23/60 6.9 -3.5 .882 19.7 
9/22/61 3.0 3.2* 847 14.3 
9/21/62 0.4 3.9* .781 12.6 
10/7/63 —3.5 —9.0 .848 6.6 
9/18/64 14.4* —9.3* .893 12.6 
9/17/65 —-12.5 3.0* 737 13.2 
9/23/66 —10.9* ~7.7* .864 3.0 
9/22/67 0.6 7.8* .891 14.1 
11/3/67 l.1 -3.1 .859 4.6 
9/20/68 —11.4* —8.3* 918 9.3 
10/18/68 6.2 —7.7* 876 10.2 
9/19/69 —18.7*  -—11.7* .731 5.7 
10/17/69 —6.0* ~6.7* .889 4.2 
9/18/70 —13.4*  -10.9* .733 4.4 
10/16/70 —2.0 -3.1 .908 15.3 
9/17/71 —23.3* ~9.6 822 10.8 
10/15/71 —6.5 —5.0* .783 7.1 
9/22/72 —35.4*  —18.9* 921 12.4 
10/20/72 —8.7* —6.3* .907 57 
9/23/73 —9.8 — 14.6 .668 5.0 
10/19/73 —22.5*  -—18.6* 911 9.4 
9/20/74 -19.6*  —18.8* .748 5.6 
10/18/74 -2.1 —18.4* .800 6.7 
9/19/75 —12.3*  -20.0* .739 4.1 
10/17/75 -7.3 —9.8 721 5.5 
10/31/75 -50.7*  —-59.1* .862 5.7 
11/14/75 —47.7*  -—52.0* 776 3.9 
9/17/76 —27.1* | —25.4* .697 5.7 
10/15/76 —53.0* — —47.4* .648 6.0 
10/29/76 —37.5*  —27.8* .810 5.1 
11/12/76 —16.8*  —19.1* .874 3.7 
9/23/77 —26.9*  —29.7* .675 5.0 
10/21/77 —39.5* | —46.3* .685 5.6 
11/4/77 —10.0 —14.6* -704 4.1 
9/22/78 —8.8 —11.7 .773 7.1 
10/20/78 8.7 -23.1 168 7.6 
11/3/78 2.3 1.3 .936 4.0 
11/17/78 —97.9*  —60.1* .782 16.3 
9/21/79 —34.8*  —40.6* 838 4.7 
10/19/79 —15.8 —65.7* .788 11.3 
11/2/79 -21.0 —63.2* .857 10.4 
Means —15.8 —15.9 .810 8.1 





* OLS] contains all explanatory variables, and OLS2 contains all 
but lot size and Angus dummy variables. Numbers shown in 
columns (2) and (3) are the average effect on price (g/cwt) of 
advancing lot position within a grade by one. Coefficients sig- 
nificant at the 5% level in two-tail t-tests are asterisked. 

> R.squares associated with OLSI. 

© The square root of the ratio of the highest to the lowest eigen- 
value of the standardized X'X matrix, where X contains all 
explanatory variables listed in equation (1). 


cally significant at the 596 level in two-tail 
t-tests. Taking both OLS models together, 
16% of the recorded effects were positive and 
84% were negative. In the eight-factor model 


68 February 1982 


(OLS1), lot position effects were statistically 
significant in 52% of the cases, with only one 
significantly positive. In the six-factor model 
(OLS2), the effects were statistically sig- 
nificant in 7696 of the cases, only two of which 
were positive. 

OLS estimates excluding the lot size and 
Angus dummy variables were frequently dif- 
ferent from those including all variables. But, 
on average, the two OLS estimates of lot posi- 
tion effects were the same, indicating an ap- 
proximate 16g per hundredweight reduction in 
sale price for each single advance in lot posi- 
tion within a grade. During the sample period, 
an average of twenty lots were offered in each 
of the three major grade categories on a given 
day. The OLS models suggest that, in an aver- 
age sale, a lot sold last within a grade would 
bring $3.20 per hundredweight less than a lot 
sold first within that grade, all else constant. 
Importance of lot position clearly increased 
over the years studied, becoming especially 
strong after 1974. 

Ridge estimates of the eight-factor model, 
derived for the highly collinear samples of 
9/23/60, 10/16/70, and 11/17/78, had a strong 
impact only on the results for the 11/17/78 
auction. The ridge estimate of the lot position 
effect on this day was —63.0 (with k-value 
.011). This is close to the OLS2 estimate and 
more plausible than the —97.9 OLS1 estimate. 

Smith's conclusion that the tendency of auc- 
tion prices to approach equilibrium varies with 
the current excess rent in the market implies 
that if prices begin above equilibrium, their 
path to equilibrium should be convex from 
below. The reasoning is that when prices are 
very high, excess rent is also high, implying a 
strong downward tendency in subsequent 
prices. As prices fall, excess rent diminishes, 
implying a further but weaker downward ten- 
dency. Prices would then be expected to ap- 
proach gently, rather than plunge toward, 
equilibrium. In fact, quadratic OLS fits to the 
lot position variable were statistically sig- 
nificant for six of the forty-two sales studied. 
In only four of these cases did quality- 
corrected prices decline in a pattern convex 
from below. There was also little evidence of 
differences among grades in the linear lot posi- 
tion effect. In the few cases with such evi- 
dence, the lot position effect tended to be less 
negative the lower the grade. 

Why do linear estimates of lot position ef- 
fects shown in table 1 differ from one sale to 
the next? A promising hypothesis is that posi- 
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tion effects become less negative as expected 
feedlot profits increase. With the prospect of 
increasing profits, cattle buyers probably be- 
come less concerned with violating reserva- 
tion prices (which are to avoid financial loss) 
and more interested in completely utilizing 
their feedlot capacities (whose opportunity 
costs rise with profitability). When reservation 
prices are uppermost in buyers' minds, they 
are likely to satiate themselves in the order of 
these prices. But if purchase quotas are more 
important, incipient price downtrends often 
will be interrupted as those with unfilled 
quotas revise their initial, unsuccessful target 
prices upward. 

This hypothesis was tested for the recent 
1973-79 and 1975-79 periods by regressing 
OLS1 and OLS2 estimates of lot position ef- 
fects (table 1, columns 2 and 3) against the 
preceding days' futures prices for five-month 
delivery cattle contracts and nearest-delivery 
corn contracts. Regardless of which lot posi- 
tion effect was used and which sample was 
analyzed, the signs of the cattle and corn price 
coefficients were correct, but none were 
statistically different from zero.® It appears 
that much of the interauction variation in posi- 
tion effects is determined by changes in the 
identities and strategies of active bidders, fac- 
tors difficult to observe accurately. Because of 
this, lot position is likely to remain a poor 
indicator of sale price. 


Conclusions 


In theory, one should expect quality-corrected 
prices at a livestock auction sale to' decline 
during the course of the sale more often than 
otherwise. An analysis of yearling steer sales 
conducted at Winchester, Virginia, during the 
period 1958— 79 is consistent with this hypoth- 
esis. In these sales, the undeflated mean effect 
of advancing lot position within a grade by one 
was to decrease quality-corrected price by 
about 16g per hundredweight. This implies a 
$3.20 per hundredweight drop in price from 
first-lot to last-lot position in a typical se- 
quence of twenty lots. Negative lot position 
effects have increased in recent years, partly 
because of inflation and higher cattle prices. 


* All data were deflated, then divided by the estimated standard 


errors of the lot position effects under the assumption that residual 
variances in an unweighted model would vary proportionately 
with tbe position effect variances (Johnston, pp. 214—17). At best, 
null hypotheses were rejected with a 15% chance of error. 


Buccola 


During the period 1973—79, the mean position 
effect was —23.41 cents per hundredweight, or 
a $4.68 reduction across twenty lots. Because 
the mean yearling steer price at Winchester 
during this 1973—79 period was $46.77, a fall of 
$4.68 represents an average 10% reduction in 
value from first-lot to last-lot position.? 

The hypothesis that quality-corrected prices 
usually decrease during auctions was further 
confirmed by similar price regressions in 
which annually stratified data were included 
from all Virginia markets during the 1958—79 
period. To the extent quality-corrected prices 
do trend downward, three consequences fol- 
low. 

First, livestock sellers as a group are at least 
partially successful in extracting economic 
rent from livestock buyers, especially during 
the early part of a sale. 

Second, livestock auctions transmit some- 
what distorted relative price signals, espe- 
cially for lots sold near the beginning and end 
of a sale. For example during 1973-79, Win- 
chester prices for 800-pound choice Angus 
steers on average were $2.32 per hun- 
dredweight lower than for 800-pound choice 
Charolais steers. But they would have aver- 
aged about $5.83 lower in the absence of An- 
gus' superior position in the order of sale. At 
markets which tend to sell higher-valued ani- 
mals before lower-valued ones, realized price 
premiums for the higher-valued animals are 
generally somewhat greater than can be jus- 
tified by expected profitability alone. 

Third, owners of livestock offered for sale 
early in an auction tend to receive windfall 
gains associated with lot position; owners of 
late-offered livestock suffer corresponding 
windfall losses. 

The existence of a lot position effect on 
price should be a disincentive for market 
operators always to order lots according to the 
same characteristics. However, this disincen- 
tive may not outweigh the benefits of predict- 
ability and convenience that consistent lot 
ordering provides to buyers along with the 
possibility that early offerings of higher quality 


7 The average —23.41 was calculated using OLS] figures, with 
the ridge estimate of —63.0 replacing the OLS estimate of —97.9 
on 11/17/78. A 10% reduction compares closely with a 10.7% 
estimate derived from Kuehn's aggregate 1976-77 results (p. 8). 


Price Trends at Livestock Auctions 69 


cattle may raise buyers' quality estimates of 
cattle offered subsequently. These issues will 
soon increase in importance because, with the 
likely advent of electronic auctions, a larger 
proportion of cattle will be officially graded. 
This will enhance the opportunity of market 
operators to order lots according to animal 
characteristic. 


[Received January 1981; revision accepted 
August 1981.) 
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Import Substitution for Livestock Feed in 
the Caribbean Community 


Clifton Charles, David Blandford, and Richard N. Boisvert 


This paper evaluates the economic feasibility of substituting domestically produced corn 
and soya for imports in the Caribbean Community. A linear programming model is used 
to minimize the costs of meeting feed demands under free trade and two self-sufficiency 
scenarios. Special emphasis is given to the availability of land suitable for feed 
production, domestic production costs relative to import costs, and the implications for 
employment and the balance of payments. The model also identifies optimal quotas or 


tariffs to achieve self-sufficiency. 


Key words: customs unions, import substitution, international trade policy, less 


developed countries, linear programming, livestock feed. 


Import substitution is defined as the replace- 
ment of imported goods by the same or similar 
goods produced domestically (Ahmad). It at- 
tracted attention initially as a means of pro- 
moting industrial development in less developed 
countries (LDCs). There is now more em- 
phasis on agriculture (Sisler and Blandford), 
primarily because of the tripling of LDC im- 
ports of grain during the 1970s (International 
Bank for Reconstruction and Development). 

Another important trade policy develop- 
ment is the formation of customs unions and 
free-trade areas to promote trade among 
LDCs (Baldwin and Kay). Advocates of these 
arrangements point to traditional benefits of 
specialization and to the expectation that more 
“‘equitable’’ trading relationships will emerge 
between nations at similar levels of economic 
development. 

The Caribbean Community (CARICOM), a 
customs union of twelve Caribbean countries, 
is a prime example of the coalescence of these 
two themes in LDC trade policy.! Food con- 
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! CARICOM is the successor to the Caribbean Free Trade As- 
sociation (CARIFTA), formed in 1968. Member countries are 
Anguilla, Antigua, Barbados, Belize, Dominica, Grenada, 
Guyana, Jamaica, Montserrat, Nevis, St. Kitts, St. Lucia, St. 
Vincent, and Trinidad and Tobago. Eight of these countries are 
small and/or have low per capita incomes relative to Barbados, 
Guyana, Jamaica, and Trinidad and Tobago. 


sumption, particularly meat and other live- 
stock products, has been growing rapidly in 
CARICOM. As a result, imports of animal 
feed (corn and soya meal) to support the live- 
stock industry more than quadrupled in value 
between 1970 and 1978. Such growth has been 
viewed with concern in CARICOM, both be- 
cause of its foreign exchange implications and 
because the Community desires to promote 
intraregional trade and integration. In re- 
sponse, experimental projects to evaluate the 
technical feasibility of producing corn and 
soya, have been established in Belize, 
Guyana, Jamaica, and Trinidad and Tobago. 

This paper evaluates the economic feasibil- 
ity of substituting domestically produced corn 
and soya for imports in CARICOM, given the 
availability of suitable land. The implications 
for employment, balance of payments, and 
quotas or tariffs necessary to achieve self- 
sufficiency are emphasized. 


Background 


The current balance of payments situation, 
composition of exports, and the dominance of 
sugar in agricultural production make import 
substitution of corn and soya particularly at- 
tractive to CARICOM. Because both popula- 
tion and income are concentrated in Barbados, 
Guyana, Jamaica, and Trinidad and Tobago 
(the more developed CARICOM countries, 
MDCCSs), the situation in these countries is 
particularly critical. 

For two of the MDCCs, Barbados and 
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Jamaica, import substitution could reduce 
persistent merchandise trade deficits, which 
on an annual basis averaged $88 million and 
$73 million, respectively, during 1970—78. (All 
prices, costs, and revenues in this paper are in 
U.S. dollars.) The balance of payments im- 
perative is not so great in Guyana and Trinidad 
and Tobago. Guyana had a surplus averaging 
$6 million annually over the period; the 
surplus in Trinidad and Tobago has been sub- 
stantial (nearly $200 million per year) because 
of petroleum exports. However, in all four 
countries, export earnings are derived primar- 
ily from an unstable sugar market or from non- 
renewable finite resources (bauxite/alumina or 
petroleum). Hence, import substitution is at- 
tractive to all four MDCCs. 

To examine the potential for import sub- 
stitution of livestock feed, one must under- 
stand the current role of sugar. In 1973, the 
total investment in sugar estates and factories 
in CARICOM was over $200 million. Sugar 
cane occupied approximately 500,000 acres of 
arable land, and both directly and indirectly 
provided employment for approximately 
500,000 persons, or 11% of the population 


(Girwar). Sugar occupies the largest amount | 


of arable land devoted to any single crop. 
However, in recent years the high level of 
trade protection has been important to the 
survival of the industry. Caribbean exporters 
benefited from preferential sugar pricing on 
their exports to Britain under the Common- 
wealth Sugar Agreement. Since Britain en- 
tered the European Community (EC) in 1973, 
CARICOM has continued to receive preferen- 
tial treatment, through the Lomé Convention. 
Because the EC is now a surplus sugar pro- 
ducer, CARICOM’s preferences are unlikely 
to persist indefinitely. McGregor cites two in- 
stances in. which recent sugar price increases 
under Lomé have failed to keep pace with 
increasing production costs in CARICOM. 
The other important market for Caribbean 
sugar, the United States, is being threatened 
by high fructose corn sweeteners and in- 
creased competition from other sugar surplus 
countries. 

Although authorities are divided over 
whether to continue in sugar or replace it with 
other products, all agree that in order for the 
sugar industry to survive, drastic structural 
transformation will be required (Girwar). This 
opens the way for import substitution of feed 
grains, to utilize land resources which have 
been dominated by sugar. 
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There are two ways in which such import 
substitution could occur—through either the 
expansion of currently produced domestic 
feedstuffs or the development of a corn/soya 
industry. The potential for increased grass-fed 
livestock production is strictly limited because 
of the lack of suitable land. Although root 
crops, especially cassava, are of great impor- 
tance as an energy source in livestock feed in 
Europe, CARICOM's human demand for cas- 
sava far exceeds domestic production (Osuji). 
Copra production is declining, and it is primar- 
ily used for oil, little being available for protein 
meal production. 

The greatest potential appears to lie in cane 
feed, a mixture of chopped cane stalks, leaves, 
and prescribed supplements. Its cost com- 
pares favorably with other commercial feeds 
(Lambie & Co.), Cane feed’s major disadvan- 
tage is that it must be served fresh and pre- 
pared carefully. It requires the integration of 
livestock and sugar cane production. 

Primary emphasis in the region has been on 
the development of corn/soya production. Be- 
cause the livestock industry is already accus- 
tomed to using these inputs, direct import sub- 
stitution implies minimal adjustment in current 
feeding practices. Corn/soya concentrates are 
storable and do not have to be fed where they 
are produced. This flexibility can contribute to 
both economic and political objectives. A final 
advantage is the potential for the joint produc- 
tion of soya oil, a valuable product in a region 
deficient in vegetable oils. 


Analytical Framework 


An evaluation of import substitution for corn 
and soya must consider the costs of produc- 
tion, processing, and transportation of feed 
grains, implications for land and labor use, 
and the effect upon CARICOM!'s foreign ex- 
change position. À linear programming model, 
to determine the optimum allocation of. re- 
sources and distribution of products within 
CARICOM, provides the basis for this evalua- 
tion. Combined production, import, and 
transportation costs are minimized under 
three import substitution scenarios: (a) free 
trade, (b) regional self-sufficiency in feed, and 
(c) regional self-sufficiency in vegetable oil. 
For each, the model generates an optimal allo- 
cation of land among corn, soya, and sugar 
production and the optimal distribution of 
products within the region. 
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Mathematically, the model is formulated as 


follows: "e 
(1) Minimize Z, = y Y eu Yo 
íix1 g=1 


I J G 
+ SD) DCX, 
i=1 j=1 g=1 
Suec to 
Q) » xz S= 1,..., D; 
gmi 
(3) —ayYu D Xw S 0(i = 1, FH 
g= i; , G); 
(4) eo =D = 1,...,J; 
m gl); 
Mig zm 0; Y, z-0 (for all i, j, Du 


where Y, is acres of commodity g produced at 
origin i; diy, output per acre of commodity g at 
origin i; Xw, units (tons or gals.) of commod- 
ity g transported from origin i to destination j; 
a,, the cost/acre of producing commodity g at 
origin i; cy, the transport cost/unit of com- 
modity g from origin i to destination j; 5, the 
supply of land at origin i; and Dy, the demand 
for commodity g at destination j. 

Import substitution could have several im- 
pacts on the agricultural sector. In the Jong 
run, prices and quantities would be affected by 
changes in trade policy. Nevertheless, costs of 
production and distribution could be mini- 
mized within the constraints imposed by such 
policy. The cost minimization implicit in the. 
programming model reflects only part of the 
adjustment likely to take place in the long run. 
For this analysis, it was necessary to assume 
that prices (including exchange rates) remain 
constant, that minimum levels of final demand 
must be met, and that these levels can be 
determined exogenously.? Given the “small 
country” characteristics of the region, these 
are not unrealistic assumptions. 

The programming model does generate 
some information on equilibrium prices for 
fixed levels of demand. Equilibrium prices are 
embodied within the dual of the programming 
problem, which can be expressed as 

? A strict application of project appraisal techniques to import 
substitution policy would require that the costs of production and 
distribution reflect tbe social opportunity costs of resources (Little 
and Mirrlees). In developing, labor surplus countries, existing 
wage rates may not reflect the social opportunity cost of labor. 
Similarly, the exchange rate may not be an equilibrium rate, imply- 
ing that domestic resources may be over- or under-valued relative 


to resources internationally. No attempt is made in this study to 
assess the difference between money and social costs. 
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where L, is the rent/acre of land; P,,, the value 
of product g at origin i; Qy, the value of prod- 
uct g at destination j; and other terms are as 
defined in equations (1)—(4). 

The dual generates implicit values for land 
and the products at their origins and destina- 
tions. The latter are of particular policy inter- 
est. As demonstrated by Waverman, minimum 
preventive tariffs, tariffs that reduce imports 
from outside the region to zero, can be ob- 
tained by comparing the free trade program- 
ming solution with a solution in which imports 
of a particular commodity are prohibited. The 
difference between the imputed value at a 
destination, derived from the restricted model, 
and the imputed price under free trade is equal 
to the tariff that would reduce imports to zero 
and achieve complete import substitution. 

To specify the model empirically, six subre- 
gions were identified. Five are the largest 
individual countries within CARICOM (the 
MDCCs plus Belize); the sixth represents 
CARICOM!'s international markets (the ‘‘rest 
of the world"). Each of the subregions is both 
a supply origin and demand destination 
for one or more agricultural products. In all 
CARICOM subregions, sugar is a potential 
production activity. With the exception of 
Barbados, which is unsuited to feed grain pro- 
duction, double cropping of corn and/or soya 
is allowed. Soya production costs include 
costs of processing into oil and meal, implying 
that processing occurs near the point of pro- 
duction. Feed grain activities in Belize and 
Guyana include necessary land clearing costs. 

The information on input requirements and 
yields for corn/soya was derived from unpub- 
lished experimental farm data (see Charles for 
details) and from information given in Radley. 
Costs of production are based on 1975 input 
prices. For corn production, costs range from 
$225 per acre in Belize and Trinidad and To- 
bago to $310 per acre in Jamaica. Soybean 
production costs range from $200 per acre in 
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Guyana to $320 per acre in Jamaica. These 
figures are based on relatively capital- 
intensive technology and reflect slight differ- 
ences in machinery complements. More im- 
portant, they reflect differences in input levels 
due to soils, rotations, and labor costs. 


Yields for corn, for example, ranged from 
1.1 (long) tons per acre in Belize and Guyana 
to 1.8 tons per acre in Trinidad.? The costs of 
producing sugar ranged from $450 per acre in 
the low rainfall areas of Barbados to almost 
$880 per acre in peasant holdings of Trinidad. 
Sugar production costs and yields are derived 
from information provided by governments or 
growers' organizations. Further data on costs 
and yields are given by Charles. Tables con- 
taining a summary of the data employed in the 
model, as well as differential costs between 
capital and labor intensive technologies, are 
published in Charles, Blandford, and Boisvert. 

The programming model also includes ac- 
tivities for importing corn and soya meal and 
oil from outside CARICOM and trade among 
countries within CARICOM. Import prices 
from outside CARICOM to the four MDCCs 
are actual 1975 CIF prices. Transport costs for 
corn/soya between the MDCCs for 1975 are 
estimated from unpublished data obtained 
from the West Indies Shipping Corporation. 

The constraints in this model differ from 
those in a conventional transportation pro- 
gramming model. The production of each 
commodity in each country is determined en- 
dogenously and is constrained only by the 
availability of suitable land. (No constraints 
on the supply of labor are assumed because 
CARIGOM is a labor surplus area.) Land, 
which could be devoted to corn/soya produc- 
tion, includes land currently in sugar which is 
suitable for mechanized feed grain production. 
This amounts to 47,000 acres in Jamaica and 
60,000 acres in Trinidad and Tobago. It also 
includes 20,000 and 7,500 acres of currently 
uncleared land in Guyana and Belize, respec- 
tively, which are suitable for mechanized feed 
grain production. 

The remaining 343,000 acres included in the 
model is suitable only for sugar. Additional 


? Although it could be misleading to use yields derived from 
experimental tríals, the yields actually used in the programming 
analysis are considerably below the maximum achieved in the 
region. For example, soybean trials in Trinidad have produced 


yields in excess of 2,000 pounds per acre. An expected average: 


yield of 1,500 pounds per acre is assumed in the model. Similar 
downward adjustments were made for corn. Althoügh experi- 
ments have suggested that triple cropping may be feasible, only 
double cropping was incorporated in the model. 
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constraints require that the region meets its 
domestic demand for corn and soya, defined 
by 1975 imports. These totaled approximately 
210,000 tons of corn, 58,000 tons of soya meal, 
and 4.4 million gallons of vegetable oil. Two 
demands for sugar are also identified as sepa- 
rate constraints. A domestic sugar demand in 
1975 of roughly 200,000 tons has to be satisfied 
by domestic production as does an export de- 
mand of roughly 625,000 tons. The latter rep- 
resents the region's 1975 commitments under 
preferential trade agreements. It is assumed 
that in the short run CARICOM would be 
unwilling to jeopardize this assured source of 
foreign exchange even if sugar prices were 
relatively low. These commitments reflect an 
institutional constraint on achieving import 
substitution in the short run. 

The model used 1975 data for two main rea- 
sons. First, prior to 1973, the demand for live- 
stock feed never exceeded $15 million (1970 
dollars) and, after an increase of 36% between 
1973 and 1974, the real value of imports has 
since appeared to stabilize at around the 1975 
level of $22 million. Second, and perhaps more 
important, this particular year was the only 
one for which complete information on feed 
production costs was available. The use of a 
single year's data is limiting, particularly in its 
reliance on a single set of import prices. 


Empirical Results 


In 1975 there was no significant production of 
feed (corn and soya meal) in any of the five 
CARICOM countries analyzed. Sugar was 
produced for export, and all feed demands 
were met by imports. This actual or ‘‘base’’ 
situation is the point of departure for analyzing 
the feasibility of import substitution of feed in 
CARICOM. The solutions to the programming 
model provide comparative empirical esti- 
mates of feed production, costs, and trade 
under the three import-substitution scenarios. 


Production and Distribution 


The major production and distribution pat- 
terns for the three scenarios are given in table 
1. Because it is assumed that each country will 
meet its own domestic and preferential export 
demand for sugar under all scenarios, sugar is 
omitted from the table. Similarly, Belize is 
omitted because it neither produces nor im- 
ports corn/soya under any scenario. 
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Table 1. Production and Distribution of Agricultural Products under Alternative Scenarios 
. Destinations 
Origins Product? Guyana Trinidad & Tobago Jamaica Barbados 
Free trade 
Guyana Corn 
Soya meal 6,199 
Soya oil 110,243 236,656 
Trinidad & Tobago Corn 6,188 76,720 11,592 
Soya meal 18,963 1,865 
Soya oil 1,087,428 74,756 
Jamaica Corn 
Soya meal 
Soya oil 
Extraregional Corn 115,357 
(rest of world) Soya meal 31,357 
‘ Soya oil 347,246 2,539,642 
Feed self-sufficiency 
Guyana Corn 6,188 
Soya meal 6,199 8,997 1,483 
Soya oil 457,489 7,991 155,859 311,412 
Trinidad & Tobago Corn 76,720 49,543 11,592 
Soya meal 18,963 382 
Soya oil 1,079,437 
Jamaica Corn 65,815 
Soya meal 22,360 
Soya oil 1,246,682 
Extraregional Corn 
(rest of world) Soya meal 
Soya oil 1,137,100 
Oil self-sufficiency 
Guyana? Corn 
Soya meal 19,000 
Soya oil 457,489 294,299 311,412 
Trinidad & Tobago? Corn 6,188 76,720 9,044 11,592 
Soya meal 26,289 6,554 1,865 
Soya oil 1,087,428 849,251 
Jamaica Corn 
Soya meal 24,804 * 
Soya oil 1,396,093 
Extraregional Corn 106,313 
(rest of world) Soya meal 
Soya oil 








a Corn, soya meal, and sugar are measured in long tons, soya oil in imperial gallons. 
> After CARICOM's demands are met, 12,801 tons of surplus meal are available in Guyana. 
* After CARICOM's demands are met, 7,326 tons of surplus meal are available in Trinidad and Tobago. 


Perhaps -the most significant characteristic 
of the results is that under free trade, feed 
production occurs in Guyana and Trinidad and 
Tobago. Guyana satisfies all of its domestic 
meal requirements, a quarter of its vegetable 
oil requirements, and two-thirds of the vegeta- 
ble oil demand in Barbados. Guyana imports 
the remaining three-quarters of its soya oil 
from extraregional sources. Trinidad and To- 
bago meets all of its domestic demand for 
corn, meal, and vegetable oil, as well as all of 


Guyana's demand for corn, Barbados' total 
demand for corn and meal, and a quarter of its 
demand for vegetable oil. Jamaica continues 
to import all of its domestic requirements of 
feed and vegetable oil from extraregional 
sources. 

Under the feed self-sufficiency scenarios, 
production of corn also occurs in Guyana. The 
country is able to meet all of its requirements 
for feed. and vegetable oil and export to Bar- 
bados, Jamaica, and Trinidad and Tobago. 
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The most significant change is that Jamaica 
begins to produce corn and soya even though 
- their costs are high relative to imports. Intra- 
regional trade increases substantially. 

Under regional self-sufficiency for feed, 
vegetable oil production still falls short of de- 
mand by over 1 million gallons. In the final 
scenario, vegetable oil demand is the major 
constraint of the model. Regional self- 
sufficiency in oil is obtained, and feed demand 
is met at minimum cost by importing just over 
106,000 tons of corn into Jamaica. Guyana and 
Jamaica specialize in soya production, while 
Trinidad and Tobago produces both corn and 
soya. Regional self-sufficiency in both vegeta- 
ble oil and feed is not possible given limited 
land resources and 1975 levels of demand in 
feed, oil, and sugar. 


Resource Use 


Land and labor provide the primary focus for 
discussion because of the scarcity of the 
former and the lack of employment for the 
latter. The total cropland incorporated in the 
model is approximately 477,000 acres. The 
acreage devoted to corn and soya ranges from 
52,000 acres under free trade to 120,000 acres 
under feed self-sufficiency. This demonstrates 
the feasibility of satisfying the bulk of the re- 
gional demand for feed and vegetable oils, at 
1975 levels, with no more than 2595 of the 
region's sugar land. Because the model mini- 
mizes the cost of meeting domestic demands 
and the contractual export demand for sugar, 
the solutions indicate that some land produc- 
ing sugar in 1975 is ‘‘idled’’ under all 
scenarios. The area of idled land ranges from 
roughly 78,000 acres under free trade to 10,000 
acres under feed self-sufficiency. 

The most important resource use conse- 
quences are for labor. The feed production 
costs used in the programming analysis corre- 
spond to the most capital-intensive technology 
available (Charles). Total man days per year 
employed in corn/soya production with this 
technology is given in table 2. For Jamaica and 
Trinidad and Tobago, the numbers in par- 
entheses indicate the employment generated if 
land devoted to corn/soya had remained in 
sugar production. By subtracting the number 
in parentheses from the one above it, the net 
employment effect of import substitution di- 
rectly attributable to land diverted from sugar 
production is obtained. Because land used to 
produce feed in Guyana and Belize was not 
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used for sugar in 1975, there is no opportunity 
cost of employment associated with import 
substitution. Therefore, in these countries all 
employment generated by corn/soya is a net 
addition. 

The demand for labor varies with each 
scenario and with the product mix. Guyana is 
the only country where net employment in- 
creases in all cases. The results for Trinidad 
and Tobago and Jamaica present a contrast. 
Under capital-intensive assumptions, feed 
production reduces employment in Trinidad 
and Tobago, but in Jamaica, employment de- 
clines only under feed self-sufficiency. 

Any reduction in agricultural employment 
because of import substitution may present 
problems for these developing nations. For 
this reason, three additional programming 
specifications were considered in which the 
use of labor-intensive feed grain technology 
was assumed in Trinidad and Tobago and 
Jamaica. Under this assumption, production 
costs for feed increase by at least 3896. The 
major programming results under these as- 
sumptions are given in Charles, Blandford, 
and Boisvert. Although there are several 
changes in production patterns, the most im- 
portant can be inferred from the employment 
summary in table 2. Belize now enters the 
self-sufficiency scenarios as an exporter to 
other CARICOM countries. Feed production 
in Trinidad and Tobago is no longer competi- 
tive under free trade. Employment effects in 
Jamaica and Trinidad and Tobago are sig- 
nificant under self-sufficiency. In both cases, 
Jamaica has a substantial net increase in em- 
ployment. Trinidad and Tobago experiences a 
net reduction of 15% under feed self- 
sufficiency. These results suggest that labor- 
intensive technology may be attractive to pol- 
icy makers. However, since government ef- 
forts to date have focused on capital-intensive 
technology, the remainder of the analysis is 
based on that assumption. 


Trade Policy Instruments 


The results of the programming model suggest 
that under free trade, CARICOM will not be 
self-sufficient in either feed or vegetable oil. In 
order to achieve self-sufficiency, new trade 
policies probably would have to be employed. 
The policies considered are import quotas and 
tariffs. Although a production subsidy is the 
theoretically preferred alternative for achiev- 
ing import substitution because it avoids the 


76 February 1982 


Amer. J. Agr. Econ. 


Table 2. Labor Use in the Production of Corn/Soya 














Free Feed Self- Oil Self- 
Country Trade Sufficiency Sufficiency 
--—----------- (thousands of man days per year)- ------------ 
Capital-intensive technology 
Guyana 104 292 320 
Trinidad 443 499 636 
& Tobago (1,261)* (1,620) (1,620) 
Jamaica 464 378 
( 506) ( 283) 
Labor-intensive technology 
Guyana 292 292 320 
Trinidad 0 1,380 1,795 
& Tobago (1,620) (1,478) 
Jamaica 0 1,220 1,273 
( 431) ( 273) 
Belize 0 83 83 








* Figures in parentheses denote labor use associated with the previous production of sugar on land diverted to corn/soya. 


consumption cost of a tariff or quota (e.g., 
Corden), it is not considered because of its 
potential cost to CARICOM countries. 

To meet self-sufficiency objectives, only 
two countries, Guyana and Jamaica, would 
need to employ import quotas. Under both 
scenarios, imports of soya oil into Guyana and 
soya meal into Jamaica would have to be pro- 


hibited. Under self-sufficiency in feed, imports. 


of soya oil into Jamaica would be restricted to 
45% of their free-trade level (1.14 million gal- 
lons). Under self-sufficiency in vegetable oil, 
imports of corn into Jamaica would be re- 
stricted to 92% of their free trade level 
(106,000 tons). 

Superficially, quotas appear to be desirable 
because of their administrative simplicity, and 
because they would have to be employed by 
two only countries. Although not technically 
illegal for agricultural products under the Gen- 
eral Agreement on Tariffs and Trade (GATT), 
quotas are frowned upon by the international 
community and could invite retaliation 
(Meerhaeghe). One clear alternative to quotas 
is an import tariff. 

In order to estimate required tariffs, it is 
necessary to examine the market prices that 
would obtain for agricultural products under 
the various scenarios. Market (shatlow) prices 
are derived from the dual programming prob- 
lem and are presented in table 3. The pro- 
gramming model guarantees that, where im- 
ports from outside the region occur, the 
shadow prices are equivalent to 1975 import 
prices. In subregions where shadow prices are 
below import prices, the imputed value of the 


resources needed for production is lower than 
the cost of importing the product. In such a 
subregion, no trade with countries outside 
CARICOM will occur. i 

The shadow prices also indicate how a 
change in import prices from the rest of the 
world might affect the feasibility of import 
substitution. The difference between the 1975 
import price and a corresponding shadow 
price indicates the penalty cost of importing 
from the rest of the world. Thus, under free 
trade, the import price of corn in Guyana 
could fall to 70% of its 1975 level before 
Guyana would import corn from the rest of the 
world rather than from Trinidad and Tobago 
(table 1). Based on the penalty costs, world 
prices of feed and vegetable oil could fall by 
14% to 46% before the feasibility of import 
substitution could be affected under free 
trade. 

Under the self-sufficiency scenarios, therte 
are instances where shadow prices are above 
import prices. Imports from outside 
CARICOM do not occur because they are 
prohibited in the model’s specification. Under 
these circumstances, the specific tariff needed 
to prevent all imports of a commodity is calcu- 
lated by subtracting the import prices from 
imputed market prices in table 3, if the differ- 
ence is positive. Waverman suggests that the 
theoretically minimum preventive tariff is the 
free-trade-imputed price subtracted from the 
imputed price under self-sufficiency. How- 
ever, in this analysis, feed production in 
CARICOM takes place under the free-trade 
scenario and intraregional trade is allowed. 
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Table 3. Import Prices and Imputed (Shadow) Market Prices 





Import 
Prices '75 Free Feed Self- Oil Self- 
(Base Case) Trade Sufficiency Sufficiency 
------------------------ ($)8------------~------~-------- 

Guyana 

Corn (70%)? 268.65 186.76 195.01 143.11 

Soya meal (54%) 381.55 205.72 252.50 0* 

Soya oil 3.90 3.90 3.07 9.29 
Trinidad and Tobago 

Corn (7796) 187.29 143.76 169.80 100.11 

Soya meal (60%) 278.99 167.87 259.50 0* 

Soya oil (8596) 4.66 3.95 3.35 9.34 
Jamaica 

Corn 160.11 160.11 229.80 160.11 

Soya meal 193.28 193.28 316.50 60.00 

Soya oil 3.55 3.55 3.55 9.77 
Barbados 

Corn (86%) 210.74 186.76 212.80 143.11 

Soya meal (78%) 269.76 210.87 302.50 43.00 

Soya oil (74%) 5.69 4.23 3.40 9.62 





a Corn and soya meal prices are per long ton; soya oil price is per imperial gallon. f 
> Percentages in parentheses denote the ratio of the shadow price under free trade and the corresponding import price. 
* These zero prices result from there being excess meal produced in the countries. 


The 1975 import prices in some countries are 
therefore greater than the imputed prices de- 
rived from the free-trade scenario. Thus, some 
of the tariffs that would have to be imposed to 
prevent imports are less than the difference 
between the imputed prices from the free- 
trade and self-sufficiency scenarios; they are 
obtained by subtracting 1975 import prices 
from corresponding self-sufficiency prices. 

In the feed self-sufficiency scenario, specific 
tariffs are required only on corn and meal in 
importing countries (table 4). None is required 
on soya oil because of the joint product nature 
of oil and meal, which ensures substantial oil 
production even when meal demand is the lim- 
iting factor. Similarly, with self-sufficiency in 
oil, a tariff is required only on oil. In this case, 
both the joint product nature of meal and oil, 
and the crop rotation systems for corn and 
soya preclude the need for corn and meal 
tariffs. 

Two principal observations can be made 
about these tariffs. First, as the ad valorem 
equivalents indicate, five of the eight tariffs 
are in excess of 5076, and they range as high as 
17596. Second, a common market requires the 
adoption of a common external tariff by 
member countries. The establishment of a 
common external tariff at the highest level 
would increase prices in some member coun- 


tries above those required to achieve regional 
self-sufficiency. The increased costs may be 
politically unacceptable to some member 
countries and could further alter the patterns 
of production and distribution within the re- 


Table 4. Minimum Preventive Tariffs Assum- 
ing 1975 Import Prices 


Self-Sufficiency Scenario 








Country Product Feed Oil 
----($ per unit)*- ~- 
Guyana Soya oil 5.39 
(138%) 
Trinidad Soya oil 4.68 
& Tobago (100%) 
Jamaica Corn 69.69 
(44%) 
Soya meal 123.22 
(64%) 
Soya oil 6.22 
(175%) 
Barbados Corn 2.06 
( 1%) 
Soya meal 32.74 
(12%) 
Soya oil 3.93 
( 69%) 





* Corn and soya meal are in long tons; soya oil is in imperial 
gallons. Numbers in parentheses represent the ad valorem equiva- 
lent (percentage of the import price) of the specific tariff. 
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gion. Because import prices differ among 
countries the potential for importing via a 
low-cost country and transshipping to a high- 
cost country could be created. Even with 
transshipment, equilibrium prices in some 
countries would be above those under an op- 
timal differential tariff policy. A more complex 
programming analysis in which both prices 
and quantities are determined endogenously 
would be needed to determine the full implica- 
tions of this policy. 


Foreign Exchange 


The effect of import substitution on the bal- 
ance of payments of CARICOM's member 
countries is important. The figures given in 
table 5 reflect the opportunity cost of import 
substitution in terms of foreign exchange. 
They include the savings resulting from the 
reduction in feed and vegetable oil imports 
from outside CARICOM, valued at 1975 world 
market (import) prices, and each country's 
earnings or expenditures resulting from trade 
in feed and vegetable oil with other 
CARICOM members. 

The values for Trinidad and Tobago and 
Jamaica incorporate losses in foreign ex- 
change from sugar exports directly displaced 
by feed production. Expenditures on imports 
are calculated using the relevant destination 
price in table 3. Earnings from exports are 
calculated using prices at their origin. Expen- 
ditures on transportation, for both intra- and 
extraregional trade, are treated as a foreign 
exchange expenditure (loss), even though 
some may accrue to flag carriers of the coun- 
tries concerned. It was not possible to include 
(net out) any import component of agricultural 


Table 5. Change in the Foreign Exchange 
Position Associated with Import Substitution, 
1975 











Free Feed Self- Oil Self- 
Country Trade Sufficiency Sufficiency 

--------. ($ millions)*.--------- 
Guyana + 4,3 +10.8 +10.8 
Trinidad 

& Tobago —29.4 —35.9 -37.1 

Jamaica 0.0 ~57.8 —37.1 
Barbados + 0.9 + 0.6 0.0 
CARICOM? —24.2 —82.4 —63.4 





a The values given in the table for Trinidad and Tobago and Jamaica 
reflect the foreign exchange opportunity cost of using land previ- 
ously devoted to export sugar production to produce feed. 

^ Detail may not add due to rounding. ‘ 
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production and processing costs. This will not 
affect conclusions drawn from the table unless 
the import content of sugar production is sig- 
nificantly different from that of feed grains. 

Only two countries, Guyana and Barbados, 
realize a net foreign exchange saving from im- 
port substitution. In Guyana's case, this is 
because its production of feed and vegetable 
oil does not displace existing sugar produc- 
tion. It gains by saving on imports from extra- 
regional sources, and also (with the exception 
of the free-trade case) through a positive net 
trade balance with other CARICOM coun- 
tries. Ín two of the three scenarios, Barbados 
has an overall net gain, since its expenditure 
on CARICOM- produced feed and oil is lower 
than the cost of obtaining these from outside 
the region. In Trinidad and Tobago, and 
Jamaica, the loss of foreign exchange from 
displaced sugar production dominates. Since 
Trinidad and Tobago is an exporter of feed/oil 
under all scenarios, its losses are less than 
those of Jamaica, which is primarily an im- 
porter. 

Under all scenarios, there is a net loss in 
foreign exchange from the production of 
feed/vegetable oil in CARICOM. The loss is 
smallest under free trade ($24.2 million), but is 
still significant, primarily because in 1975 the 
world sugar price was 50% above the average 
for 1970—78 (International Bank for Recon- 
struction and Development). Under more 
moderate sugar prices, the foreign exchange 
losses from displacing sugar production would 
be mitigated. 


Conclusions . 


In 1975, the year on which this study is based, 
corn/soya production in CARICOM was in the 
early stages of development. Imports of ani- 
mal feed to satisfy demand from the new, rap- 
idly expanding livestock-feeding industry had 
been growing, promoting considerable re- 
gional interest in the possibility of import sub- 
stitution. A number of pilot production proj- 
ects had been established to explore the tech- 
nical feasibility, reduce the uncertainties of a 
new agricultural activity, and lower institu- 
tional barriers to change. The programming 
analysis performed in this study is designed to 
assist in the evaluation of import substitution. 

Based on a model designed to minimize the 
costs of meeting 1975 feed demands, 4595 of 
CARICOM's imports of corn and soya meal 
and over 3076 of its imports of soya oil could 
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be displaced by domestic production under 
free trade. Jamaica is the only country which 
continues to import all its corn/soya require- 
ments from outside CARICOM. Land re- 
sources within the Community are not ade- 
quate to achieve self-sufficiency in both feed 
and oil. However, self-sufficiency in one or 
the other is possible. 

Self-sufficiency has significant implications 
for resource use and foreign exchange. For 
example, feed grain production generates in- 
creased employment in Guyana, since unde- 
veloped land is brought into production. When 
land which was used for sugar in 1975 is di- 
verted into capital intensive corn/soya produc- 
tion in Trinidad and Tobago, employment is 
reduced. Even if labor-intensive methods 
were adopted, there would still be a reduction 
in agricultural employment under feed self- 
sufficiency. 

The foreign exchange implications of import 
substitution differ significantly among coun- 
tries. Guyana saves foreign exchange in meet- 
ing its soya needs and exhibits a net foreign 
exchange surplus in its corn/soya trade with 
other CARICOM countries. In contrast, be- 
cause corn/soya production in Jamaica dis- 
places sugar for export, Jamaica's overall for- 
eign exchange position deteriorates sig- 
nificantly at 1975 prices. 

The trade restrictions needed to achieve 
self-sufficiency add- further complications. 
Superficially, it appears that quotas, required 
only in Guyana and Jamaica, provide the 
simplest means to control imports. However; 
quotas are not viewed favorably in the interna- 
tional community. Prohibitive tariffs provide a 
theoretical alternative, but the rates required 
would generally be over 50% and would differ 
between member countries. Since CARICOM 
has been attempting to harmonize its policies 
and adopt a common external tariff, setting 
common rates at the highest level may un- 
necessarily increase the costs of feed in some 
member countries and could disrupt trade pat- 
terns within the Community. 

In conclusion, this analysis is a preliminary 
assessment of the feasibility of import sub- 
stitution. It is based on the best cost and input 
information available, and on import prices 
and feed demands consistent with this infor- 
mation. To forecast the long-term feasibility of 
import substitution in CARICOM, additional 
analysis would certainly be required. 
[Received- November 1980; revision accepted 

July 1981.] 
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The Demand for Calories in Developing 
Countries 


Odin K. Knudsen and Pasquale L. Scandizzo 


This paper employs characteristic demand theory to estimate demand functions for 
calories for a set of developing countries and to investigate the potential impact of 
income growth, redistribution, and price changes on alleviating underconsumption of 
calories. The analysis finds that, although calorie elasticities with respect to income are 
substantial for the poorer consumers, income growth above historical rates is required 
for the food needs of the entire population to be satisfied within the next fifteen years, 


even if calorie prices remain constant and income distribution does not become more 


unequal. 


Key words: calorie consumption, demand theory, economic development, income 


distribution. 


This paper uses household survey data on 
consumption to analyze the determinants of 
calorie intakes in developing countries. The 
paper relies on characteristic demand analysis 
for a demand function specification for 
calories. It explores the effect of calorie price 
differences, income, and other socioeconomic 
factors on the intracountry and intercountry 
distribution of calorie intakes. Using the esti- 
mated functions, we make broad macroesti- 
mates of the potential impact that income 
growth and redistribution could have on al- 
leviating malnutrition. 

The paper reaches three broad conclusions. 
First, both income and price elasticities of 
demand for calories are below unity and tend 
to cluster around 0.60 for the poorer consum- 
ers. They are much lower for higher income 
groups. Second, even a moderate increase in 
calorie prices implies a large nutritional sac- 
rifice for the poor if present income growth 
and distribution trends continue. Only a con- 
siderable acceleration of economic growth 
trends would permit calorie needs for the en- 
tire population to be satisfied within the next 
fifteen years. Third, if moderate redistribution 
policies permit a substantial portion of the in- 
come increase to be allocated to the poor, 
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sizable calorie price increases would not rule 
out elimination of malnutrition. In this case, 
price increases could generate production in- 
creases without ill effects on the nutritional 
status of the poor. 


The Theoretical Model 


The recent focus on malnutrition by econo- 
mists has been through income-group-specific 
demand analysis. Three approaches have 
currency. One method used by Pinstrup- 
Andersen, Londoño, and Hoover is to esti- 
mate demand functions for specific commod- 
ities by income class using the Frisch method. 
By assuming want independence among com- 


modities, a matrix of direct price and cross 


elasticities is derived using estimated income 
elasticities of demand, budget proportions, 
and a coefficient for the flexibility of money. 
This demand matrix is then converted to a 
matrix of direct and cross-price elasticities for 
nutrients and used to assess the nutritional 
status of low income groups under various 
income and pricing policies. The drawbacks of 
this method are the extensive data require- 
ments, the crucial role of the separability as- 
sumption, and the need to use an estimated 
coefficient of money flexibility. 

A second method by Timmer and Alderman 
uses Indonesian household data to estimate, 
for four income groups, calorie elasticities 
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with respect to income and rice, cassava, and 
corn prices. Because calories and quantities 
are directly linked, this approach corresponds 
to analysis of commodity demand functions by 
income class, with the composite commodity 
estimates being redundant. Although this 
technique is preferable to the Frisch method, 
there are problems with cross elasticities be- 
tween many commodities and other such in- 
teractions. It also requires extensive data, 
often unavailable in developing countries. 

The third method, pioneered primarily by 
Reutlinger and Selowsky, uses a less elaborate 

: Scheme in which relationships between a nu- 
tritional characteristic, calories, and income 
levels are made. Using this characteristic de- 
mand function along with income distribution 
data, the nutritional status of the poorest in- 
come group can be estimated and projected. 
Demand functions for individual commodities 
need not be estimated. This paper uses the 
characteristic demand function method but 
differs from the Reutlinger and Selowsky ap- 
proach by using household data instead of 
average countrywide data and by estimating a 
characteristic price elasticity. This allows 
price effects to be added to the demand esti- 
mates and predictions. 

Characteristic demand theory as presented 
by Lancaster assumes that products are con- 
sumed because of the utility derived from their 
characteristics or properties. For food these 
would include nutrient content, texture, color, 
taste, etc. Following this approach, the utility 
of a representative consumer can be expressed 
as a function of the characteristics of the 
goods consumed while the budget constraint is 
stated In terms of commodities: 


(1) max U = U (xi, . . . Xm), 
(2) subject to x, = fi(qi, <- . dn); 
i-1,2...m, and 
n 
3) Spg- Y= 0. 


J=1 


In (1)-(3), U is the utility indicator; x,(i = 1, 2, 

. ,m), the ith characteristic; q; the quantity 
consumed; and p, the market price of the jth 
commodity; Y represents the consumers' in- 
come; and f,, the functional relation that links 
each characteristic to the n goods. 

Forming the Lagrangean for the maximiza- 
tion in (1)-(3), after substituting (2) into (1) 
yields 
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= (>. Pid; Z r}. 
ji 


Differentiating with respect to q,(j = 1,2, ..., 
n) and equating to 0 yields 


(5) — Y QU/2x) (àfi/ó9)) - p; = 0, 
f=1 


(4) L= UNa... 


where j = 1,2... n. Indicating with p, = 
(2U/àx)/XA, the shadow price for the ith 


characteristic, and with a, = £z. , the margi- 
j 


nal **yield"' of good j in terms of characteristic 
i, we can rewrite expression (5) as 


m 
(6) pi = Y Qi3pi; 

towed 
where j = 1,2...n. Expression (6) states that 
the market price of each commodity is equal to 
a weighted linear combination of the prices 


- of its characteristics, the weights being the 


amounts of each characteristic provided by 
one additional unit of the commodity. 

At a level of income Y and prices p, let a 
commodity bundle of food (q1, qs, . . + » qj) be 
purchased containing only characteristics i = 
1 to J. Then from equation (6) total food ex- 


penditure E(Y,p) will be 
9) E(¥,p) = S pas = p Y aspi 
jel i=] 


j=1 
Because of the technical relationship berwgen 


characteristics and commodities, T uds 
(7) can be written as 


(8) E(Y,p) = Y xi. 


i=} 


Expressing expenditures in terms of the 
characteristic ‘‘energy’’ measured in kilo- 
calories per day (indicated for simplicity as 
“calories” ), (8) can be rewritten as 
I 
E(Y,p) È Peh 

= Pe t E 
x,(Y,p) Xe 


where P(Y,p) denotes the average expenditure 
per calorie; p,, the implicit price of calories; 
and x,(Y,p), the amount of calories consumed. 
Expanding P(Y,p) with a truncated Taylor 
series yields the linear approximation, 





©) P(Y,p- 





(10) P(Y,p) = P(Y,,p) + a(Y = Y,), 
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where P(Y,, p) = lim P(Y,p), Y, = min Y, and 


Y Y, 
a= SOEUR Svalumted at Y, 
ðY 

As income goes toward its minimum level, 
we can expect food expenditure to be devoted 
more and more to procuring the most funda- 
mental nutrient, calories. Therefore, we can 
write 


J 
> Pig; 
P(Y, p) = lim JL —— = pe, 
YYq Xe 


(11) 


where p,, denotes the price of calories in what 
can be termed a basic bundle. Substituting 
(11) into (10) and the resulting expression into 
(9), we finally obtain 


(12) P(Y,p) = Peo F a(Y = Y,). 


In practice, consumers will face the same 
basic calorie price except for a random factor 
reflecting differences in information, location, 
and other factors. Therefore, assuming that Y, 
is sufficiently small, we can rewrite (12) for 
the kth consumer as follows: 


(13) P(Yy,,p..) = Per + a Yy 
= Peo + AY, + Up, 


where Y, indicates the income of the kth 
sample unit, pex is the basic calorie price, and 
u, is a random disturbance having mean zero 
and constant variance. 

Equation (13) says that the average expen- 
diture per calorie can be decomposed into 
three parts: (a) a basic calorie price equal for 
all consumers, (6) a term depending on the 
consumer's income, and (c) a random ele- 
ment. Indicating with hats appropriate esti- 
mates of equation (13), we can conclude that 


(14) Peo(k) = P(Y,) - àY, = poo + Ux 


is an estimate of the basic price of calories 
facing the kth consumer. This estimate can be 
obtained as the residual of the regression 
through the origin of Y, against P(Y;). In turn, 
this estimate can be used to evaluate the re- 
sponsiveness of calorie consumption to varia- 
tions in its own price. 


Estimates of Calorie Demand Functions 


The method for estimating the calorie demand 
function is summarized in three steps. First, 
we calculate calorie consumption by expendi- 


Amer. J. Agr. Econ. 


ture groups using data from household con- 
sumption surveys (expenditure is used as a 
proxy for disposable income). For each coun- 
try in the study, the average quantity of the 
various food items consumed by households in 
each expenditure group is converted to 
calorie levels using FAO calorie consumption 
tables. Second, we estimate a weighted re- 
gression relating the average expenditure per 
calorie to per capita total expenditure. We 
then use the sum of the constant term and the 
residuals as an estimate of the basic price of 
calories. Third, we estimate a series of func- 
tions relating calorie intake to total expendi- 
ture levels and to the basic price estimate. We 
use weighted least squares because sample 
sizes are different in each expenditure class. 
The ratios between sample and population 
sizes (sample ‘‘shares’’) are used as weights. 

Because our information consists of income 
class data for six different countries, all re- 
gressions are also subject to the test that (a) 
the coefficient of any variable and (b) the 
value of the constant are significantly different 
from one country to the other. Furthermore, 
we test for tbe effect of five country-specific 
characteristics: food production per capita, 
urbanization rate, literacy rate, population 
size, and adult population to total population 
ratio. 

Table 1 presents the estimates for the aver- 
age basic prices of calories for each country, 
computed according to expression (14) and to 
the estimated cross-country regression be- 
tween average per capita expenditure per 
1,000 calories (converted in U.S. currency at 
parity exchange rates) and per capita total ex- 
penditure. The basic prices vary from 7¢ to 
24g per 1,000 calories at the parity exchange 
rate and from roughly 3e to 12£ at official 
rates. In both cases there is no apparent corre- 
lation between the estimated basic prices and 
the selected socioeconomic characteristics. 
(i.e., food production per capita, urbanization 
rate, literacy rate, population size and adult 
ratio). 

Table 2 presents selected estimates of 
calorie demand functions based on the cross- 
section sample. The functional form is 
semilogarithmic, a useful form because of the 
implied inverse relationship between absolute 
elasticities, income, and prices. For the esti- 
mated functions, the basic price indices esti- 
mated according to equation (14) are used as 
price variables. The per capita expenditures 
(n national currency) are used as income 
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Table 1. Estimated Average Basic Prices of 1,000 Calories 
In Domestic Parity Official 

Country Currency Currency? Exchange Rate> Exchange Rate* 
Bangladesh (Takas) 0.48 11.9 6.0 

India (Rupees) 0.54 18.9 6.8 
Indonesia (Rupiah) 51.00 23.2 12.3 
Morocco (Dirhams) 0.50 23.9 9.9 
Pakistan (Rupees) 0.22 6.9 2.8 

Sri Lanka (Rupees) 0.56 14.4 5.6 





* Units: Domestic currency/1,000 calories. 
* Units: U.S. £/1,000 calories at parity exchange rates as estimated by Kravis, Heston, and Summers. 
* Units: U.S. ¢/1,000 calories at official exchange rates. The estimated equation used for the above estimates is 


P, = 23.5 + 0.85 Y + 0.129 (Y - Dj) — 0.029 (Y - Dj) + — 101. D, — 16.2 D, — 89 Dy, 
(20.6) (68) (-3.1) (4.5) (-9.7) (-5.2) 


where R? = 0.95; P, is per capita food expenditure in U.S. ¢/1,000 calories; Y is expenditure/capita/month (US$ at parity exchange 
rate); and D, is dummy variables for Bangladesh, D, is Morocco, D, is Pakistan, D, is Sri Lanka (t-ratios are in parentheses). 


variables. Separate functions are also esti- 
mated for people below and above the 


duction in explaining residual cross-country 
differences. 


calorie-poverty line which is defined as the 
expenditure level just sufficient to purchase 
the FAO calorie requirement. 

Regressions (1)-(3) in table 2 show that the 
income coefficients for Bangladesh and Paki- 
stan and the price coefficients for Bangladesh, 
India, Morocco, and Sri Lanka are not sig- 
nificantly different from each other. Further- 
more, factors other than incomes and prices 
appear to affect calorie consumption across 
countries. This is indicated by the significant 
dummy variable coefficients on the intercept 
and by the significance of per capita food pro- 


Consider regressions (4)- (6) and (7)-(9) in 
table 2 and the elasticities shown in table 3. 
They indicate that calorie response to in- 
creases in income at the poverty line varies 
from a maximum of 0.56 for Morocco to a 
minimum of 0.18 for Sri Lanka. This indicates 
that individuals consuming just at the level of 
the FAO calorie requirement will increase 
calorie intake between 296 and 696 for every 
10% rise in income, if the calorie price is con- 
stant. Moreover, the countries with the most 
malnutrition— Bangladesh, India, Indonesia— 
all show considerably higher income elas- 





Table 2. Calorie Demand Functions across Country and Expenditure Classes 





e Indo- Paki- Sri Indo- 
India nesia stan Morocco Lanka India nesia 
z LN(Y* LN(Y* LN(Y)* LN(Y* LN(Y)* LNGP) LNGP)" LN(UP)* 
Dependent Variable Constant LN(Y) Di D, D, D, D, D, D, 
Overall caloric intake 
1. Calories/capita/day —5,180.7 664.9 362.7 217.5 —-90.1 583.6 -2382 —1,072.5 1,077.2 1,105.4 
(6.6) 0.7) (2.1) (-0.5) (4.1) (—-1.4) (-3.3) (1.0) (3.2) 
2. Calories/capita/day -5211.9 698.7 139.9 183.8 582.0 —345.5 —1,024.1 1,056.9 
(9.0) (5.0) (2.2) (4.7) (-2.2) (—4.0) (3.6) 
3. Calories/capita/day —18,340.5 651.8 293.5 222.8 150.5 535.0 -251.0 —852.0 1,750.1 927.4 
(5.2 (1.2) (1.7) (0.7) (3.0) (71.2) (-2.25) Q.3) (2.4) 
Low calorie intake 
—below CR . 
4, Calories/capita/day —6,711.3 702.6 208.6 454.9 567.0 429.4 —1,495.7 1,717.9 343.4 
Below CR Q.1) (0.9) (2.0) (1.8) (1.9) (72.4) Q.3) (0.5) 
5. Calories/capita/day —6,262.0 968.9 101.3 48.7 90.5 —919.6 1,278.5 
Below CR (68.2) (4.4) (7.1) (17.3) {- 19.3) (2.1) 
6. Calories/capita/day —4,564.2 899.6 188.4 172.6 234.8 —970.6 -431.3 
Below CR (22.0) Q.7) (3.2) {4.2) (—10.5) (71.9) 
High calorie intake 
—above CR 
7. Calories/capita/day —3,412.7 534.4 53.1 345.1 333 473.0 —-107.6 -77.8 1,635.6 660.9 
Above CR (2.1) (1.0) (1.3) (0.1) (1.3) (—0.3) (71.3) (.04) (1.3) 
8. Calories/capita/day —932.1 415.6 78.6 403.2 778.1 —-261.0 
Above CR 3.9) (2.2) (3.0) (2.7) {2.6} 
9. Calories/capita/day — 1,404.7 467.3 $3.1 357.7 731.2 -222.1 
Above CR G.7) {1.0} {2.5} Q.4) (-1.4) 
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Table 2. (Continued) 
Paki- Sri Food 
stan Morocco Lanka Indo- Paki- Sri Produc- Urbani- No. of 
LNUP)* LNUPY LNỌPY India nesis stan Morocco Lanka tion zation Obser- 
Dependent Variable D, D, D, D, D, D, D,  /Capia Rate R^? vations 
Overall caloric intake 
1. Calories/capita/day 898.7 —509.0 1,868.4 1901.5  2,512.8 3,823.9 —3,768.6 7,528.7 0.99 
Q.4) (-0.9) (1.7) (0.5) (2.3) (3.2) (-2.3) Q3) 
2 Calories/capita/day 931.2 2,544.0 3,564.0 —2,456.0 2,285.4 0.99 
(332) (2.7) (3.5) (3.4) Q.6) 4 
3. Calories/capita/day 514.9 824  -1,370( 84.1]  —7,470.2 0.98 
(1.15) (1.3) (72.2) (2.1) (-0.9) 
Low calorie intake 
—below CR 
4. Calories/capita/day —58.3 530.0 4,619.7 —631.0 —3,152.2 —59.2 0.99 23 
Below CR (-0.1) (0.8) (3.2) (-0.7) (-1.0) (70.1) 
5. Calories/capita/day 4273.Y 0.99 
Below CR (2.5) 
6. Calories/caplta/day -7.0 -2,255 0.99 023 
Below CR (-.6) (-1.9) 
High calorie intake 
—above CR 
7. Calories/capita/day 592.4 —961.1 1,568.7 -232 995.1 2,064.4 —4,372.1  5,760.7 0.99 37 
Above CR (0.9) (-1.1) (1.02) (0.0) (0.3) (0.6) (71.1) (1.1) 
8. Calories/capita/day -2,080.4 —4,120.4 0.98 37 
Above CR (-2.6) (-2.2) 
9. Calories/capita/day —1,868.1 -4,041.4 0.63 1,077.2 0.98 37 
Above CR (72.2) (-2.2) (.01) (1.1) 








Note: Where LN(Y) is logarithnn of expenditures per capita converted to U.S. $ at parity exchange rates: LN(/P)*, logarithmn of the implicit price of calories 
converted to U.S, $ at parity exchange rates; D,, dummy variable for India; Dy, dummy variable for Indonesia; D}, dummy variable for Pakistan; D,, dummy 
variable for Morocco; De dummy variable for Sri Lanka; CR, FAO caloric requirement; and t, statistics in parentheses. 


ticities and, hence, higher calorie response as 
income increases. The poorest 2596 in these 
countries have calorie income elasticities be- 
tween 0.61 and 0.74, indicating that a 10% rise 
in income will increase calorie intakes by 6% 
to 7% for the poorest group. 

The calorie responses to price increase also 
show a similar pattern. The poorest 25% of the 
population from all countries show an average 
4.5% to 8.8% fall in consumption in response 
to an increase of 10% in the calorie price. As 
for the top 25% of the income distribution, it 
appears that price responsiveness decreases 
more than income responsiveness as income 


Table 3. Calorie Income and Price Elasticities 


increases. A 10% increase in price would 
cause consumption to fall about 1%, while a 
10% increase in income would cause con- 
sumption to raise by amounts varying between 
1.6% and 3.3%. Therefore, consumers with a 
calorie intake above FAO requirements ex- 
hibit price elasticities of demand that are low 
with respect to a calorie price relevant to the 
lowest basis of consumption. This is to be 
expected as the consumption bundle for these 
consumers is composed of different and higher 
quality types of food than for the lowey income 
consumers. The fact that the elasticity is not 
zero, however, suggests that the low income 





Calorie Income Elasticity 


Calorie Price Elasticity 




















At the At the 
x Poverty* Lowest Highest Poverty* Lowest Highest 
Country Line Quartile? . Quartile* Line Quartile? Quartile" 
Bangladesh 0.35 0.67 0.17 —0.51 —0.63 —0.11 
India 0.44 0.61 0.16 —0.54 —0.882 —0.09 
Indonesia 0.39 0.74 0.28 —0.513 —0.63 —0.09 
Morocco 0.56 0.69 0.33 —0.45 —0.60 —0.07 
Pakistan 0.34 0.53 0.18 —0.473 —0.48 -—-0.10 
Sri Lanka 0.18 0.173 0.17 —0.51 —0.45 —0.11 
* Computed from regression 2, table 2. 
b Computed from regression 5, table 2. 
* Computed from regression 8, table 2. 
table 2. 


* Computed from regression 6, 
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Table 4. Distribution of Calorie Intake 
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FAO/WHO- Percentage of Population Consuming below: 
Recommended 
Per Capita 2,400 2,200 2,000 1,800 1,600 1,400 
Calorie Intake* Calories Calories Calories Calories Calories Calories 
Bangladesh 2,020 91 75 55 35 18 8 
India 1,910 60 48 35 22 12 5 
Indonesia 1,920 74 64 53 41 26 12 
Morocco 2,276 48 39 30 21 13 7 
Pakistan 2,050 97 90 44 2 0 0 
Sri Lanka 2,000 84 41 7 0 0 0 





* Adjusted to account for individual variability. 


bundle (the '*basic"' bundle) is also consumed, 
although in different proportions and jointly 
with other goods, by the higher income group. 


Implications of the Estimates 


These estimates can serve two interrelated 
purposes. First, they can be used to derive 
estimates of the calorie intake distribution and 
related measures of malnutrition directly from 
income distribution data. Second, they can be 
utilized to explore the ability for income 
growth, redistribution and price adjustment to 
alleviate underconsumption. The estimates 
obtainable from income distribution statistics 
have two basic components: (a) the percent- 
age of households consuming below the rec- 
ommended nutritional standard and (b) the 
.size of the nutrient deficit by income group. 
Table 4 contains estimates of the first of these 
two components for the case of calorie con- 
sumption. 

A second, possibly more significant, mea- 
sure of the extent of malnutrition is the nutri- 
tion gap, which is the aggregate difference be- 


Table 5. Nutrition Gaps (Grain Equivalents) 





Total Gap 

(millions metric 
Bangladesh (1974) 2.65 
India (1974) 9.43 
Indonesia (1970) 3.75 
Pakistan (1971) 1.56 
Morocco (1971) 0.50 
Sri Lanka (1970) 0.06 





tween food (calorie) availability to the house- 
holds and their calorie requirements (table 5). 
This measures focuses on the overall nutri- 
tional deficit of a country and can be related to 
(a) the size of its undernourished population, 
(b) market demand, and (c) the amount of 
total food needs (i.e., market demand plus the 
nutrition gap). 

Given these estimates, we can investigate 
the prospects of alleviating malnutrition by 
closing much of the nutritional gap by 1995. 
We conduct this analysis under four scenarios: 
(a) constant income distribution and constant 
calorie prices, (b) ‘‘optimal’’ income distribu- 
tion (defined below) and constant calorie 
prices, (c) constant income distribution and 
calorie prices increasing at 1% per annum, 
and (d) "optimum" income distribution and 
calorie prices increasing at 1% per annum. 

Under the ‘‘optimal’’ income redistribution 
scenario, the income of each group with aver- 
age calorie consumption below the recom- 
mended intake is allowed to grow at the rate 
necessary to close the nutritional gap. The per- 
capita incomes of the other groups are as- 
sumed to grow at 1% per annum. The resulting 





Proportion of 
: Nutritional Gap to: 
Average Per 
Capita Gap Market * Total 
Per Year* Demand Food Needs 
tons) (kB) .- ------ (96)------ 
46 16.9 14.4 
39 6.8 6.3 
47 13.2 11.7 
66 11.5 10.1 
26 12.4 11.0 
16 2.1 24 


Note: Grain equivalents are converted at 3.5 million calories per metric ton. 


* Population below the recommended calorie intake. 
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Table 6. Per Capita Income Growth Rates Necessary to Close the Nutritional cmp by 1995 with 


Rising Calorie Prices 





Average Growth Rates Required to Close the Nutritional Gap* 





Constant Income 
Distribution 


Optimal 
Redistribution? 








Historical 

Growth Rate Constant Calorie Price Constant Calorie Price 
Country 1960-76 Prices Increase 1% Prices Increase 1% 
Bangladesh —0.4 3.9 4.4 1.24 1.55 
India 1.3 2.7 4.3 1.09 1.27 
Indonesia 3.4 3.2 4.1 1.09 1.23 
Morocco 2.1 4.0 5.0 1.20 1.36 
Pakistan 3.1 1.6 1.6 1.00 1.15 
Sri Lanka 2.0 1.00 1.00 





Note: Based upon regression 4 in table 5 except for Sri Lanka, which used regression 8 and India, which used regression 5. 
= These are the growth rates necessary to bring the mean consumption of the bottom 10% of the populations up to the FAO/WHO 


recommended calories intake, adjusted for individual variability. 


* Those groups with consumption below the adjusted FAO/WHO recommended caloric intake receive an income growth rate necessary 
to close their nutritional gap; those consuming above the recommended intake are given a 1% growth rate. 


average growth rates in per capita income can 
then be interpreted as minimum growth rates 
necessary to close the gap assuming a reason- 
able redistribution of incremental income. 

As shown in table 6, the per capita growth 
rates necessary to close the nutritional gap 
without a change in income distribution vary 
from 1.6% to 5% with constant calorie prices. 
These rates appear rather high and unlikely to 
be achieved, especially for Bangladesh and 
India and when calorie prices are permitted to 
increase. 

If we assume an ''optimal" redistribution of 
growth, however, the necessary growth rates 
decline to about 1.0-1.6% per annum, even 
with sizable price increase. Thus, if income 
growth were focused on the poor, malnutrition 
could be eliminated with modest aggregate 
growth even with a concomitant rise in calorie 
prices. This growth would be well within his- 
torical rates. 


Conclusions 


This paper has focused on the determinants of 
calorie intakes for an important sample of de- 
veloping countries. Using aggregate data from 
household budget surveys, the paper has 
shown that neither foreseeable price increases 
nor a slackening in economic growth would 
hamper improvement in the nutritional status 


of the population if the bulk of the additional 
income growth is channeled to the poor. 

This conclusion, however, also holds in re- 
verse. If the poor's participation in economic 
growth is less than the rest of the population, 
their nutritional status is likely to suffer pro- 
portionally more. Thus, policies are needed to 
ensure (a) that the undernourished are not 
excluded from the general improvement in liv- 
ing standards, and (b) that they are specifically 
helped to achieve minimum consumption 
standards if the process of growth slackens or 
if income distribution deteriorates. 


[Received February 1980; revision accepted 
August 1981.] 
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Choice of Varieties by Sri Lanka Rice 
Farmers: Comparing Alternative 


Decision Models 


H. M. G. Herath, J. B. Hardaker, and J. R. Anderson 


Sri Lanka rice farmers are faced with a choice between traditional and high-yielding rice 
varieties. Three risky-choice models are compared to explain producer behavior. Forty 
farmers with typically small rice areas were studied. Choice criteria compared were 
multiple (two)-attribute utility maximization, single (profit)-attribute utility 
maximization, and expected profit maximization. Expected utility maximization 
performed better than expected profit maximization; single-attribute utility maximization 
outperformed the more complex multiattribute utility model. The importance of careful 
elicitation of subjective probability distributions is emphasized. Rice farmers appear to 
allocate their land between available technologies in an economically rational way. 


Key words: modern varieties, multiattribute utility, rice, risk, Sri Lanka, traditional 


varieties. 


An understanding of the decision processes of 
farmers in developing countries is useful for 
designing policies to influence their behavior. 
Many studies testing economic rationality of 
resource allocation decisions by peasant farm- 
ers use Cobb-Douglas production functions 
fitted to cross-section data (e.g., Hopper, 
Yotopoulos). Such studies generally show 
that, within the technological and institutional 
constraints they face, farmers in developing 
countries appear to act as profit maximizers. 
However, these analyses are not very useful in 
explaining observed individual deviations 
from computed optimal levels of factor use 
(Rao, Ohkawa) or in understanding the time- 
dependent nature of the diffusion of profitable 
agricultural innovations (Mansfield). 

A major criticism of the conventional pro- 
duction theory concerns its omission of risk 
and risk aversion (Dillon and Anderson, Wol- 
gin). In addition, decisions by peasant farmers 
appear usually to involve multiple, competing 
objectives. Recent developments in decision 
theory have opened the door to more complete 
analysis of peasant decision making, by incor- 


H. M. G. Herath is a lecturer in agricultural economics at 
Peradeniya University, Sri Lanka. J. Brian Hardaker and Jock R. 
Anderson are associate professors of agricultural economics and 
business management at the University of New England, Ar- 
midale, Australia. 


porating both risk and multiple objectives. Al- 
though developed primarily for prescriptive 
purposes, decision theory can be given a be- 
havioral interpretation (O' Mara). The empiri- 
cal question of how well the theory predicts 
the behavior of peasant farmers is addressed 
in this paper. 

The objective of the study is to compare 
some alternative models of risky choice to ex- 
plain producers' actual behavior. The ap- 
proach used involves comparison of actual 
and predicted farm resource use employing 
three decision criteria: multiple-attribute util- 
ity maximization (MAUM), single-attribute 
utility maximization (SAUM), and expected 
profit maximization (EPM). 


Methods 


If x = (x, . .., x4) is the vector of activity 
levels reflecting the allocation of resources 
among alternative uses, the decision problem 
a farmer faces is to select the best value of x. 
To analyze this decision problem using mul- 
tiattribute utility theory, a set of attributes, or 
measures of effectiveness, y = (yj, .. ., Ya) is 
defined, describing the extent to which n- 
prescribed objectives are met by any alloca- 
tion decision. Well-accepted axioms of ra- 
tional choice (Anderson, Dillon, Hardaker; 
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Raiffa) imply that a decision maker should 
select x to maximize his expected utility, given 
by 


(1) EU = Jyuly)fy)ay, 


where u is the decision maker’s utility function 
and f is his subjective probability density func- 
tion for y given x. 

For single-attribute utility analysis, the mea- 
sures of effectiveness must be reduced to a 
single dimension, perhaps by aggregating at- 
tributes or perhaps by ignoring some. Then (1) 
still applies with u and f defined as one- 
dimension functions only. In general, y is a 
véctor, but the most frequently analyzed case 
is when it is a scalar (i.e., a single attribute). A 
special single-attribute case arises when u is 
linear and u(y) = y, when maximization of the 
expected value of the scalar y is equivalent to 
maximization of the expected utility of y. 


The Allocation Decision Studied 


This analysis relates to the choice, by rice 
farmers in Sri Lanka, between traditional and 
modern, high-yielding varieties of rice. The 
study was conducted in two villages, one in 
the wet zone in the Kandy district and the 
other in the dry zone in the Polonnaruwa dis- 
trict. Farmers in both villages generally grow 
both a modern variety (MV) and a traditional 
variety (TV). The farms studied were all 
small—less than two hectares. Moreover, 
labor inputs per unit of land for MVs and TVs 
were similar, while nonfarm inputs for rice 
production (especially for MVs) were avail- 
able on credit. Consequently, land can be re- 
garded as the principal constraint. Hence, the 
choice between the two varieties can be rep- 
resented as , 


(2) maximize EU = fyuly)fly)dy, 
(3) where y = y(x), 
(4) and subject to xy + x, = 1, 


where x, is the proportion of land allocated to 
the MV and x, is the proportion allocated to 
the TV. In general, y is a vector of attributes. 


Attributes and Objectives 


Farmers in the two villages appeared to iden- 
tify two main goals in rice production— 
subsistence rice consumption and net cash in- 
come. Subsistence consumption, denoted by 
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y, was defined as the amount of home- 
produced rice consumed in a year. Net cash 
income, denoted by y,, was defined as cash 
income from sale of rice less production costs. 

These two attributes were also considered 
in combined form by valuing subsistence 
consumption at the market price of rice. 
The rice-marketing system in Sri Lanka is 
sufficiently well-developed for this to be rea- 
sonable. The sum of subsistence and cash in- 
come less production costs represents net in- 
come used for analysis of single-attribute util- 
ity functions and expected profit maximiza- 
tion. 


Probability Distributions 


The probability distributions used related sole- 
ly to the yields of the two varieties. This was 
done partly for simplicity and also because it 
captures the majority of the risk faced by 
farmers. For example, the price of rice is fixed 
by government and known in advance by 
farmers. 

The elicitation of yield distributions was 
sought from survey respondents relying on a 
minimum of subjective information. First, 
marginal distributions for the two varieties 
were elicited from dach farmer. If these dis- 
tributions were found to be approximately 
normal, then the joint distribution was treated 
as bivariate normal. Otherwise, transforma- 
tions of skewed distributions were made so 
that bivariate normal distributions could be 
used for the transformed variables. The 
bivariate normal was chosen for its ease of 
elicitation and for the ease with which 
pseudo-random, correlated deviates .can be 
generated. Some justification for use of the 
normal distribution when the actual distribu- 
tion departs from normality is that a Taylor 
series expansion of expected utility, termi- 
nated at the second moment terms, gives a 
reasonably close approximation. In the few 
cases where the elicited distributions were 
markedly skewed, a mathematical transforma- 
tion was used to make them symmetrical be- 
fore the normal approximation was applied. 
This transformation is described below. 

The normality assumption permits a rela- 
tively simple specification of the joint distribu- 
tion using marginal and conditional means and 
variances (Raiffa and Schlaifer, p. 250). In the 
bivariate case applied here, each complete dis- 
tribution was specified from the two marginal 
means and variances and one conditional 
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mean and variance. This information was 
sufficient for the correlation coefficient, p;2, to 
be estimated using the following conditional 
distribution formulas: 


(5) E(dids = qa*) = by + (Go" — He) P201/02, 


(© Vaja: = q:*) = oY*(1 — prs”). 

For the same elicited parameters, three esti- 
mates of p, can be derived from (5) and (6). 
These generally differed. Such differences 
were resolved by first discarding any values 
outside the range —1.0 +1.0. Negative esti- 
mates were discarded on the grounds that high 
positive correlation of yields could be ex- 
pected. If two positive estimates lay in the 
range 0 to 4 1.0, the one calculated from equa- 
tion (5) was selected on the presumption that 
means were probably more reliably estimated 
than variances (Anderson, p. 567). 


Structure of the Utility Functions 


Keeney (1971) has shown how the assessment 
of multiattribute utility functions can be sim- 
plified if utility independence prevails. At- 
tribute y, is utility independent of other attri- 
butes y, if preferences for lotteries involving y, 
with y, held fixed do not depend on y,. If y, is 
utility independent of y, and vice versa, the 
attributes are said to be mutually independent. 
If all attributes are mutually independent, 
Keeney and Raiffa (p. 238) have shown that 
the multiattribute utility function can be 
treated as either additive, 
n 


0) us... Yn) = Y, kun), 
or multiplicative, E 
(8) 
1+ KuQy,..-5¥n) = H [1 + Kku)]. 


i=1 


where u and u; are utility functions scaled from 
zero to one, the k, and K values being scaling 
constants with 0 < k < 1 and K > —1 (see also 
Keeney 1973). If u is additive, X;k, = 1, and if 
multiplicative, Xjk, # 1. 


Collection of Data 


Two random samples of forty farmers were 
selected, one from the wet zone village in the 
Kandy district and one from the dry zone, 
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Polonnaruwa district village. The sampled 
farmers were interviewed to elicit the required 
information on subjective probabilities and 
utilities. However, complete data were ob- 
tained from only seventeen farmers in the wet 
zone sample and twenty-three in the dry zone 
sample. The results reported below relate only 
to these farmers. 

The low response rates may be attributed, at 
least partly, to unfamiliarity of both the inter- 
viewer and farmers with the concepts and pro- 
cedures used. While there was no evidence of 
important differences between respondents 
and nonrespondents in socioeconomic charac- 
teristics, some differences are likely to exist, if 
only in ability to answer abstract questions. 
Hence, some indeterminate bias is probably 
associated with these low response rates. 


Assessment of Probabilities 


Subjective probability distributions were eli- 
cited from each farmer concerning the yields 
of the two variables grown. Using a visual 
elicitation method (Anderson, Dillon, Hard- 
aker, p. 22), the interviewer obtained two 
marginal distributions and one conditional dis- 
tribution. 

The elicited distributions were first checked 
for normality using a Kolmogorov test. Most 
were found not to depart from normal at the 
10% level of significance. The three that were 
not normal were made symmetric and, thus, 
approximately normal using the following 
power transformation described by Litchfield, 
Hansen, and Beck: 


(9) z = (q" — 1)/w, w * 0, 


where z is the transformed value of yield q, 
and w is the transformation parameter. The 
parameter w was varied over a reasonable 
range to find that value which made each dis- 
tribution approximately symmetric. The test 
for symmetry was made using the statistic, 


(10) T = (zu + za-9)/2z.s, 0 < a < 1, 


where the subscripts indicated selected cu- 
mulative probabilities (e.g., œ = 0.25) and 
T = 1 for symmetry (Litchfield, Hansen, Beck). 

The elicited distributions, transformed if 
necessary, were summarized in the form of 
cumulative functions plotted on normal prob- 
ability paper. The means and variances re- 
quired to compute correlation coefficients 
from equations (5) and (6) were read from 
these graphs. 
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The net income distributions required for 
the single-attribute utility and expected profit 
analyses were obtained from the elicited yield 
distributions using a linear transformation to 
account for (the assumed certain) price of 
rice and production costs (Herath, pp. 94—96). 


Utility Function Elicitation 


If mutual utility independence prevails, an ad- 
ditive or multiplicative utility function, such as 
(7) or (8), can be used in the two-attribute 
case. In theory, an infinite number of prefer- 
ence comparisons must be made to verify 
complete utility independence. Because the 
interviewed farmers had limited ability to re- 
spond to questions about their preferences, we 
assumed that the requirements for mutual util- 
ity independence were approximately fulfilled. 

The assumption of utility independence was 
supported to some extent because most sur- 
veyed farmers said that their preferences for 
subsistence consumption would not be af- 
fected by changes in cash income. This test 
was by no means conclusive, but the observed 
behavior of semi-subsistence farmers suggests 
that the assumption is reasonable (Herath, pp. 
100-101). 

The single-attribute utility functions were 
obtained using the equally likely, certainty 
equivalent method (Anderson, Dillon, Hard- 
aker, pp. 70—75). After some trials with other 
algebraic forms, we found that the elicited 
curves usually could be well-approximated by 
negative exponential functions. These func- 
tions were fitted using the method described 
by Buccola and French. The negative expo- 
nential, which implies constant absolute risk 
aversion (Pratt), also has been used in previ- 
ous multiattribute utility studies (e.g., Keeney 
1977). 

The scaling constants required for (7) and 
(8) were assessed with a lottery technique. 
For example, to assess k;, the scaling constant 
for utility of subsistence consumption—Ju; (yı), 
each farmer was asked to consider a situation 
where y, was at the best level possible and y; 
was at the worst. This scenario was compared 
with one with a probability p of obtaining both 
attributes at their best levels and a probability 
(1 — p) of obtaining them both at their worst. 
The probability was varied until the farmer 
was indifferent between the two options. Re- 
call that u,(y,) and u5(y,) are scaled from zero 
to one. At indifference, k, = p (Anderson, 
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Dillon, Hardaker, pp. 82-83). A similar proce- 
dure was used for ky. In all cases, we found 
that kı + k # 1, so the multiplicative form of 
equation (8) applied. 

The elicited, single-attribute functions for 
net cash income used to construct the multiat- 
tribute functions also were assumed to apply 
to the single-attribute case with net income as 
the argument, including both cash and subsis- 
tence components. This procedure is reason- 
able because of constant absolute risk aver- 
sion implied by the negative exponential func- 
tions. 


Optimization 


Optimal portfolios of varieties for each farmer 
were calculated using a Monte-Carlo com- 
puter budgeting method. The proportion of 
land committed to the MV, x,, was varied 
between 0 and 1.0 in increments of 0.1. For 
each farmer's values of x,, expected utility 
was estimated by making repeated calcula- 
tions based on pseudo-random sampling from 
that farmer's bivariate yield distribution for 
the two varieties. The approximately optimal 
value of x, was then found by inspection of the 
computed expected utilities. 

Upper and lower bounds to the variations in 
net incomes and yields were set by truncating 
the distributions at three standard deviations 
above and below the means. Outcomes involv- 
ing negative yields were treated as inadmissi- 
ble. 

For SAUM, the following sequence was 
employed. For each value of x,, sampled 
levels of net income per hectare of each vari- 
ety were obtained as correlated random draw- 
ings from the respective truncated bivariate 
normal distribution. If required, the transfor- 
mation correcting for skewness was reversed. 
Then total net income, y, was found as 


(11) 


where r, and r; are the sampled unit net in- 
comes for the MV and the TV, respectively, 
and L is rice area. The utility of this income 
level was then found by substitution into an 
appropriate utility function of the form, 


(12) u = A[1— exp(cy)], 


where À is a constant and c is the individual's 
risk aversion coefficient. Finally, the process 
was repeated 1,500 times, and expected utility 


y = bun + (1 - xr, 
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for each value of x, was computed as the sam- 
ple average.' i 

In the case of EPM, a Monte-Carlo evalua- 
tion was not used since the implied indiffer- 
ence to risk makes optimization the simple 
allocation of total rice area of each farm tọ the 
variety having the highest expected income. 

The Monte-Carlo evaluation was modified 
slightly for MAUM. Sampled yields of the two 
varieties were obtained from the bivariate dis- 
tributions as were net incomes per hectare in 
the SAUM case. Total rice production, Q, was 
then calculated as 


(13) Q = [xdi + (1 — x)qs]L, 


where q, and q; are the sampled yields of the 
MV and the TV, respectively. To maximize 
utility, this total production was then allocated 
between subsistence consumption and sales 
according to the following equation derived 
from (8): 

(14) 

u = {[1 + Kku) + Kkgus(v2)} — 11/K, 

where subscripts 1 and 2 here apply to subsis- 


tence consumption and net cash income, re- 
spectively. Since 


(15) y» = (Q-»)-t 


where p is price of rice (the same for all vari- 
eties) and t is total cost of production, equa- 
tion (14) can be written as 


(16) u = ([1 + Kkun(y)] 
{1 + Kk,u,[(Q — y)p — t]) - 1)/K. 


The optimal allocation of total production be- 
tween consumption and sale can be found by 
maximizing (16) with respect to y, for each 
sampled value of Q. Maximization was per- 
formed using the Newton-Rhapson method 


(Hartree) to find optimal values of y, and u. As 


with SAUM, the evaluation was repeated 
1,500 times for each value of x, to permit the 


! The adequacy of a sample size of 1,500 was established for a 
representative case by inspecting the variability of expected utility 
after each 100 drawings. The mean was found to be quite stable 
ater about 1,000 drawings, so the conservative sample size of 
1,500 was adopted. To sharpen the comparisons, the same se- 
quence of pseudorandom variates was used for each value of x, 
and for both MAUM and SAUM. 

The Monte-Carlo procedure is unnecessary for SAUM when the 
distributions are exactly normal since, if utility is negative expo- 
nential, expected utility maximizing solutions are simple functions 
of mean and variance. However, no analytical solution could be 
found for MAUM, and tbe analytical procedure is not applicable 
when distributions are either skewed or truncated. Consequently, 
the more general approach was implemented for all cases. 
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expected utilities to be calculated. The optimal 
value of x, was found by inspection. 


Comparison of the Three Decision Criteria 


The purpose of the study was to compare the 
three choice criteria, MAUM, SAUM, and 
EPM, in predicting allocations of land be- 
tween the two varieties. The results are first 
reviewed in general terms, and then a measure 
of prediction closeness is provided. 


Review of Results 


The performance of the three choice criteria in 
predicting actual behavior of farmers in the 
two samples is summarized in table 1. The 
comparisons were made between actual and 
predicted values of x,, with predicted values 
measured in increments of 0.10, and actual 
values accurate to two decimal places. Thus, 
cases of exact prediction, discussed below, 
indicate instances where actual and predicted 
values of x, were identical to two decimal 
places. For ten of the seventeen farmers in the 
wet zone, Kandy sample, all three criteria 
predicted the same land allocation, and in 
eight of these cases predicted values were 
identical to actual (table 1). 

The results for the remaining seven farmers 
in the Kandy sample for whom the three crite- 
ria did not give identical predictions are sum- 
marized in table 2. For all seven, SAUM pre- 
dicted better than EPM. In five cases, MAUM 
also outperformed EPM. SAUM predicted 
better than MAUM for three farmers. MAUM 
never predicted better than SAUM, and EPM 
never outperforned SAUM or MAUM. 

Forthe Polonnaruwa, dry zone sample, table 


.l shows that there were eight farmers for 


whom the three criteria exactly predicted the 
actual land allocations. In one case the three 
criteria gave the same prediction, but actual 
land use differed slightly from predicted. 
The results for the remaining fourteen farm- 
ers in the dry zone sample (for whom the three 
criteria did not give identical predictions) are 
summarized in the lower part of table 2. These 
results show that SAUM predicted better than 
MAUM in seven cases and better than EPM 
for thirteen farmers. MAUM outperformed 
SAUM for three farmers and predicted better 
than EPM in nine cases. For no farmers did 
EPM predict better than SAUM or MAUM. 
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Prediction Performance? 
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Relative Performance of the Three Criteria 


Polonnaruwa 


Kandy Sample Sample 





Actual = SAUM = MAUM = EPM 
Actual = SAUM =MAUM > EPM 
Actual = SAUM >MAUM = EPM 
Actual = SAUM >MAUM > EPM 
Actual = MAUM > SAUM = EPM 
Actual = MAUM > SAUM > EPM 
Actual € SAUM =MAUM = EPM 
Actual 4 SAUM =MAUM > EPM 
Actual € SAUM >MAUM = EPM 
Actual X SAUM >MAUM > EPM 
Actual $ MAUM > SAUM > EPM 
Total 


+ 
NAN 
GS — N U GJ e x o 


17 


N 





* w means "is predicted exactly by"; # means “is not predicted exactly by"; = means “predicts equally as accurately as''; and > means 


"'predicts better than," 


Accuracy of Prediction 


Itis evident that SAUM is a better predictor of 
behavior than MAUM in this study and that 
EPM is inferior to the other two criteria. What 
remains to be established is the accuracy of 
the predictions. The computed optima often 
differ from actual land use. That one criterion 
predicts better than another may be of little 
relevance if the best is a poor predictor of 
actual behavior. Consequently, accuracy of 
prediction was measured for each sample and 
each criterion by calculating the mean abso- 
lute deviation (M) of predicted area of MV 
from actual area as 


Table 2. Frequency of Pairwise Superior 
Prediction 








Kandy Sample: More Successful Criterion 

Less Successful 

Criterion SAUM MAUM EPM 
------ (number)------. 

SAUM 0(0) 0(0) 

MAUM 3(18)* 0(0) 

EPM 7(41) 5(29) 


Polonnaruwa Sample: 
Less Successful 


More Successful Criterion 








Criterion SAUM MAUM EPM 

------ (number)------- 
SAUM 3(13 . 00) 
MAUM 7(30) 0(0) 
EPM 13(57) 9(39) 





* Figures in parentheses are percentages of the total sample. 


(17) M = 2» |AA, — PA,|/n, 


{=i 

where AA; is the actual area under MV for 
farmer i, PA is the predicted MV area for that 
farmer using the given criterion, and n is the 
sample size. To give a relative measure of 
predictive accuracy, the value of M was ex- 
pressed as a proportion of the mean area actu- 
ally planted. 

SAUM was the most accurate criterion with 
a mean absolute deviation of 10% for the wet 
zone sample and of 876 for the dry zone sam- 
ple. For MAUM, the corresponding statistics 
were 34% and 15%, while EPM showed a low 
level of predictive power with relative mean 
deviations of 49% and 29% in the two zones. 


Sensitivity Analysis 


Sensitivity analyses were performed to study 
the effects on predictive accuracy of changes 
in probability distributions and utility func- 
tions. Because of the computational burden, 
the analyses were confined to two case farms 
(one in each area), considered as representa- 
tive of the two samples. Parameters varied 
were the subjective means and variances of 
yields of the two varieties, coefficients of risk 
aversion for cash income, subsistence con- 
sumption and net income, and scaling con- 
stants for the two attributes using MAUM. 
Herath (pp. 137-44) gives full details of the 
results. Overall, the predictions based on both 
SAUM and MAUM generally remained un- 
changed for moderate changes in the single- 
attribute functions. For MAUM, similar 
robustness was found for moderate changes in 
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the scaling constants. However, the predic- 
tions were found to be more sensitive to 
changes in the parameters of the elicited prob- 
ability distributions. 


Conclusion 


The comparisons of the predictive power of 
the three choice criteria show that the two 
criteria based on expected utility maximiza- 
tion performed generally better and never 
worse than EPM. In the majority of cases, 
SAUM outperformed MAUM. The latter re- 
sult was contrary to prior expectations. It im- 
plies either that the farmers studied did not 
differentiate between subsistence consump- 
tion and cash income in choosing varieties to 
plant, or that the extra complexity of MAUM 
was a source of inaccuracy in their prefer- 
ences articulation. The greater simplicity of 
SAUM along with its predictive accuracy in- 
dicates that it is clearly the “best” criterion of 
the three examined. 

An important finding of this study is that 
SAUM provided a much better basis for pre- 
dicting behavior than EPM (see also Officer 
and Halter; O' Mara; Lin, Dean, Moore). That 
is, land allocations between MV and TV by 
these farmers can best be explained by con- 
sidering not only the expected outputs and 
costs of these technologies but also the indi- 
viduals' attitudes to risk. 

Some limited sensitivity analyses revealed 
that computed SAUM and MAUM solutions 
seem to be more affected by changes in proba- 
bility distributions than by changes in utility 
functions. If this is true, then accurate elicita- 
tion of subjective probabilities is very impor- 
tant if behavior is to be predicted well. 

Finally, we found that rice farmers in the 
two samples appeared to allocate their avail- 
able land between MV and TV in an econom- 
ically rational way, by maximizing subjective 
expected utility of net income. 


[Received March 1980; revision accepted 
July 1981.] 
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Adoption of Interrelated Agricultural 
Innovations: Complementarity and the 
Impacts of Risk, Scale, and Credit 


Gershon Feder 


The paper 
interrela: 


esents a model of farm decisions which arise when a farm is faced with two 
innovations. The innovations are distinguished by their returns to scale, and 


may be adopted individually. Jt is shown that under conditions of uncertainty or a binding 
credit constraint, the intuitive concept of innovations' complementarity may be 
misleading, and a more relevant definition of complementarity is derived. The latter helps 
to explain why policies which enhance adoption of one innovation may discourage 
adoption of the other, even when the two innovations seem to complement each other. 


Key words: complementarity, credit constraint, interrelated innovations, risk. 


The introduction of yield-increasing innova- 
tions has been an important factor underlying 
the rapid growth of world agricultural output 
since 1960. Most notable is the ‘‘green revolu- 
tion” technology consisting of high-potential, 
fertilizer-responsive seeds and related inputs. 
Indeed, a major share of economists’ research 
efforts in farm level adoption behavior focused 
on this experience. Most works examined the 
particular developments in a specific region, 
providing econometric explanation of ob- 
served patterns (Schutjer and van der Veen). 
While sociologists devoted substantial efforts 
to modelling farm adoption behavior (Rogers 
1962, 1969), relatively few economists ad- 
dressed this topic with formal models 
(Hiebert, Kislev and Shchori, O' Mara, Feder 
1980, and Scandizzo). 

This paper discusses some aspects of adop- 
tion decisions using a simple model involving 
two interrelated, agricultural innovations. The 
innovations are distinguished by their returns 
to scale (which lead to differential adoption 
behavior by farms of different size). The anal- 
ysis allows consideration of what comprises 
complementarity in the context of interrelated 
innovations. Further, the differential impact of 
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policy measures is analyzed and potential dy- 
namic patterns implied by the model are dis- 
cussed. 

The outline of the paper is as follows: sec- 
tion two describes farm behavior under uncer- 
tainty; section three discusses model implica- 
tions. Then, in the fourth section, a binding 
credit constraint is assumed, and its impact is 
analyzed. Results are summarized in the last 
séction. 


The Model 


Assume that a crop yielding R, dollars per 
hectare (with full certainty) has been grown 
for years by all farmers, irrespective of their 
holding size, H. Assume, at this stage, that all 
farmers face similar prices and credit con- 
straints. 

Two innovations are now introduced. The 
first innovation is neutral to scale because its 
net returns per hectare are not affected by the 
number of hectares on which it is applied: It 
will be referred to as innovation N (neutral). 
The other innovation is lumpy because it has a 
fixed capacity and requires a fixed installation 
cost of J dollars regardless of farm size.! Its 


! When this innovation consists of a piece of equipment, I may 
represent the annual amortization flow. Alternatively, it may be 
noted that in many cases lumpy mechanical innovations are being 
used in rural areas on a rental basis (Staub and Blase, p. 588). 
Thus, while there is a fixed rental cost, it is far below the invest- 
ment needed to actually purchase the equipment. 
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capacity is assumed to be large enough so that 
only one level of adoption is relevant. The 
lumpiness of this technology implies that its 
cost per hectare (//H) declines with holding 
size. It will be referred to as innovation L 
(lumpy). 

The two innovations are interrelated be- 
cause the average yield per hectare is larger 
when both are adopted than when only one is 
adopted. This implies that the two innovations 
are complementary. This notion of com- 
plementarity is rather narrow, however, and 
the crucial complementarity concept is more 
complicated. A second interrelation between 
the two is that the adoption of L affects the 
level of perceived risk of N. 

An example of such innovations is the case 
of a high yielding grain variety (HYV) and 
tubewells (Clay). The former is neutral to 
scale (in the absence of credit constraints), 
and generally has a higher yield per hectare (if 
appropriate amounts of fertilizers are applied) 
than traditional varieties. Tubewells require a 
fixed investment cost; they further increase 
the yield gain from HYV, since a regulated 
water supply is important for realizing the full 
potential of HYV (Dalrymply, p. 8) and for 
reducing yield risk. 

Adoption of N enables the farmer to obtain, 
on average, y(x) tons per hectare, where x is a 
variable input (such as fertilizers) related to 
the new technology, and y is a production 
function (per hectare) with the properties y' > 
0, y" « 0. The unit cost of x is c and the unit 
price of output is P. Superiority (on average) 
of N over the traditional crop is assumed: 
[P+ y(x) - c: x] - R, 5m, > 0 for allx in the 
relevant range. Assume further that the yield 
per hectare with N is perceived as uncertain. 
Thus, output per hectare includes a stochastic 
element e with mean zero. The thesis that in- 
novations in agriculture usually display higher 
perceived risk relative to traditional 
technologies has substantial support in the lit- 
erature. For instance, Schutjer and van der 
Veen conclude that ‘‘the adoption of (new) 
agricultural technology may require the 
adopter to accept a greater degree of risk and 
uncertainty . . . . The new wheat and rice 
varieties introduced in the mid-1960s probably 
increased the uncertainty facing farmers by 
. . . introducing genetic homogeneity in the 
variety planted’’ (p. 23). The role of higher 
subjective risk is emphasized by Lipton who 
notes that ‘‘risk is in the eye of the beholder 
. . . for the farmer familiar only with tradi- 
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tional varieties, it is the HYV’s subjective risk 
that counts" (p. 323). Similar views are ex- 
pressed by O’Mara. 

The introduction of innovation L, if not ac- 
companied by N, would increase per hectare 
income from the traditional crop to R, (where 
R, > R,), thus inducing all farmers with hold- 
ings larger than I/(R, — R,) to adopt the inno- 
vation. 

Innovation L is assumed to complement N 
(and vice versa), so that when both innova- 
tions are adopted the average yield per hectare 
is q(x) > y(x) and q' > y’ for all values of x. 
The perceived yield risk associated with a hec- 
tare employing both innovations is y - e, where 
y is a positive parameter. Superiority of N 
over the traditional technology implies that 
[P- q(x) — c: x] - R: = m, > 0 for the relevant 
range of x. Note, however, that the com- 
plementarity of the two innovations—i.e., g(x) 
> y(x) does not imply m, > 7. In the case of 
HYV and tubewells, it is likely that y < 1 since 
irrigation reduce risk. But in general, y could 
be greater or less than 1. 

Farmers are assumed to be risk-averse; 
hence, they maximize expected utility of in- 
come by properly choosing the levels of vari- 
ables that they control. One decision variable 
is dichotomous: L can be either adopted or 
rejected. The decision regarding N, on the 
other hand, involves an optimal level of adop- 
tion since the innovation is divisible. The 
farmer can thus cultivate a proportion ^ of his 
holding using the technology implied by N, 
where 0 x A x 1. The third decision variable is 
the volume of x to be applied per hectare culti- 
vated with N. 

It follows that the optimization problem can 
be analyzed in three steps: first, the optimal 
levels ofh and x are established subject to ''L 
not adopted" and “L adopted’’; the expected 
utility levels corresponding to the two optimal 
solutions are then compared to determine 
whether L should be adopted or rejected. 

Accordingly, denote the utility function by 
U and formulate the following decision prob 
lems: : 


Problem 1: (L not adopted) 


(2 | Max EU(H[(z, + P- eh + RJ} 
h,x 

Problem 2: (L adopted) 

(2) apa EU 


^ Hl + Py: oh Ry M/I 
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Problem 3 is simply a comparison between the 
expected utility levels of the optimal solutions 
to problems 1 and 2. 


Results 


A straightforward derivation of equations (1) 
and (2) enables one to verify that the optimal 
levels of x corresponding to problems 1 and 2 
(say x* and x**) are characterized by the fol- 
lowing equations: 


(3) 
(4) 


Clearly, x** > x*: the optimal level of the 
variable input per hectare cultivated with N is 
higher if L is adopted as well. Further, x* or 
x** are not affected by the levels of the other 
control variables nor by uncertainty and risk 
aversion. However, optimal levels of x are 
negatively related to the price ratio c/P. 

The optimal adoption level of N (defined by 
h, the proportion of land holding cultivated 
with N, and derioted by A*, h** for the respec- 
tive problems) is characterized by 


P+ y'(x*) =c, 
P-q'(x**) =. 


(5) E(H(m, + P - e)U' (HG 
+ P-e)h* + Ry) + 0, 


(6) E(H(m, + P+ y+ €)U' {Al (a 
+ P+ y-e)h** + R, — (1/H)}}) =0 


On the basis of results derived from a gen- 
eral model of optimization under uncertainty 
(Feder 1977), the following can be asserted: 

(a) Both h* and h** decline when the vari- 
ability of € increases. 

(b) An increase in the fixed cost (J) will 
reduce A** (but will not affect h*) if absolute 
risk aversion declines with income. 

(c) Àn increase in y will reduce A**. 

With some further elaboration, the follow- 
ing results can be obtained: 

(d) The level of h* decreases (is constant), 
(increases) with farm size if relative risk aver- 
sion increases (is constant), (decreases) with 
income. Nonincreasing relative risk aversion 
is a sufficient condition for h** to increase 
with farm size. If relative risk aversion is in- 
creasing, then h** may initially increase and 
then decrease with farm size. 

(e) An increase in the cost of x will reduce 
both h* and A**. 
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* 
(f) A sufficient condition for ix 200r 
* 
Lin > Ois that relative risk aversion does not 
exceed the value of 1. 

While (a)-(f) are of a comparative static 
nature, the variability of e changes over time 
due to learning-by-doing and better dissemina- 
tion of information. Thus, the assertion that h* 
and h** are negatively related to the variabil- 
ity of e implies that, over time, the adoption 
rate (for a given farm) of N increases. But at 
an aggregate level, the pace at which the use of 
N increases depends on the interrelationship 
between N and L. The adoption of L is defined 
by the solution to problem 3 above. This anal- 
ysis is quite cumbersome without a convenient 
specification of the utility function and the dis- 
tribution of e. The model used by Feder and 
O'Mara proves to be particularly amenable to 
manipulations and is adopted here. Assume, 
therefore, that U is a logarithmic utility func- 
tion, and that e has a two-point distribution, 
where the values + o and — o have equal 
probabilities. 

Applying these specifications to equations 
(5) and (6) yields? 


(7) h* = R, + 7,/(P*+ œ — m’), 
(8) A** = [R; — U/H)m/(Y? P - o? — m). 


Assertions (a)-(c), and (e) above can be 
easily verified (note that o? and y? - o? are the 
respective variances of yield when N or both 
N and L are adopted). Since a logarithmic 
utility function implies constant (and unitary) 
relative risk aversion, assertions (d) and (f) 
also hold. Evaluating expected utility at the 
optimal values h* and h**, problem 3 can be 
solved. The solution implies that adoption of 
both N and L is preferred to the adoption of N 
alone by farmers with holding size higher than 
a certain critical level Z^, where H° can be 
calculated as 


(9) H° =1/(R, — 0- R,), and 


g = AL-imé/ot-P oti 
{1 — [m*/(P* - o?)]}4 


The term 7, describes the average superior- 
ity of N over the traditional technology when 
L is not adopted, and m, describes average 
superiority when L is adopted. The ratios 





? The present analysis assumes the conditions P - o > m, and 
P - y- g > m to hold since they are necessary for an internal 
solution of A. 
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T2/ (y * P - o) and m,/(P - o) thus measure the 
gain per unit of risk obtained, respectively, 
when both innovations are adopted and when 
N alone is adopted. The ratio 7,/7, measures 
overall complementarity between L and N, as 
distinguished from simple complementarity 
which is defined by the property g(x) > y(x). 
When m/m, exceeds unity, the combination of 
L and N provides a higher per hectare ex- 
pected gain than that obtained when only N is 
adopted. 

It was shown earlier that if L alone were 
introduced, then all farms larger than I/(R, — 
R, would profit from adoption of L. Compar- 
ing this result with equation (9) implies that 
when @ > 1, the joint introduction of N and L 
inhibits the adoption of L relative to a situa- 
tion where L is introduced alone, because hold- 

I I 
R, — R, R,—0-R, 
which would otherwise prefer adoption of L, 
will adopt N and reject L. For 0 to be larger 
than 1, (ms/7,) < y must hold, i.e., the mea- 
sure of complementarity must be less than the 
risk ratio y. 

The importance of these concepts is evident 
when the relative magnitudes of h** and A* are 
considered. Such a comparison is best per- 
formed with h** evaluated at the critical land 
holding size H°, since h* is not affected by 
holding size while h** is increasing in H. 
Thus, at H^ 


(10a) 


ings in the range sH< 


Sign (A** — h*) = Sign [(72/7,) — y* > 6]. 


However, since [(72/7,) £ y] > (6 3 1), the 
condition may be reformulated as 


(10b) fory > 1 E > » > (h** > h*), 
Ty 


fory« 1 ls < » > (h** < h*). 
71 


The examination of properties of the critical 
holding size shows that a decrease in the de- 
gree of variability (c) will reduce H° only if 
(m5/7,) > y. That is, if the superiority per risk 
unit is higher with adoption of both L and N 
(versus adoption of N only), then lowering the 
level of risk induces smaller farmers to adopt 
L. However, if the index of overall com- 
plementarity is lower than the ratio of the cor- 
responding risks (y), then a reduction in un- 
certainty will increase the level of adoption of 
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N, but will not induce higher adoption of L (or 
may reduce it if adoption is reversible). This 
result may hold even when simple com- 
plementarity [q(x) > y(x)] prevails. 

A similar result may be observed regarding 
the impact of subsidies on the cost of variable 
inputs x (i.e., a reduction in c). As shown 
above, a subsidization policy will increase the 
optimal levels of x*, x**, A*, h**; but the 
impact on H°, which determines whether such 
a policy will stimulate the adoption of L, may 
be negative or positive, depending on the con- 
dition 


(11) Sign HE — Sign E xt "T 2 
ac m, x* 


Thus, in the case y < 1, if m, is sufficiently 
less than 7r,, it is possible that a subsidy on x, 
while encouraging adoption of N, will not 
stimulate adoption of L. Likewise, in the case 
y > 1, if the ratio (75/7) is sufficiently less 
than y’, a reduction in c will adversely affect 
the adoption of L. This result contrasts with 
the effect of a subsidy reducing J, which in- 
duces adoption of L by smaller farmers as well 
aś more intensive adoption of N by all farmers 


< 0 and 


who have adopted L (i.e., al 


aH? 
TT > 0). 


Subsidies on the price (P) of the crop pro- 
duced with N were shown earlier to increase 
(x*, h*) and (x**, h**). However, the relation 
between P and the adoption of L is not neces- 
sarily positive as intuition might suggest. It is 
possible that a higher price will make L less 
attractive.? A sufficient condition for price 
subsidies to stimulate the adoption of L is 
(m/m) > y*. 

The discussion above demonstrates that in 
the case of interrelated innovations simple no- 
tions of complementarity may be misleading. 
Complementarity should be defined as a situa- 
tion in which augmenting L by N increases 
profits (corrected by a risk factor) by more 
than is obtained when N alone is' adopted. 
Such complementarity does not necessarily 
exist even under a strong yield complementar- 
ity, e.g., a large value for the difference 


? The relevant condition is 


si (5) - se [| - (= o4 


eese) 
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qalx] — y[x], since L may be effective in im- 
proving yields even when N is not adopted 
(thus generating a high value for the difference 
R, — Ry). ; 

As mentioned earlier, the parameter of per- 
ceived variability o declines over time be- 
cause of experience and improved information 
channels. In the case where (7,/7,) > max (y, 
y?), the dissemination process is at first 
characterized by a relatively low level of adop- 
tion of N by smaller farmers who use little of 
the variable input x and do not adopt L. The 
larger farmers, who adopt L, also allocate a 
larger proportion of their land to be cultivated 
with N and use a higher level of x. Over time, 
smaller holdings will adopt L, thus increasing 
their adoption rate of N(h** > h*) as well as 
using more x. In fact, all farmers, whether 
adopting L or not, will increase their adoption 
of N over time. Eventually, all farmers may 
prefer complete specialization with N, if there 
is no effective lower bound on the risk indi- 
cator c, and all holdings characterized by H =- 
U/[P(q — y) — c(x** — x*)]} will adopt L. 

If, however, m/m, € y, the dynamic pattern 
sketched above may not be observed. Thus, 
while use of N will increase over time, the use 
of L may decline. Since for any given set of 
innovations the term (75/7) may differ across 
agroclimatic zones, different dynamic patterns 


for the same set of innovations are quite pos- - 


sible. 


The Impact of a Credit Constraint 


The analysis has thus far assumed that farm 
operations were not affected by credit con- 
straints. In some cases, however, lack of credit 
may be an important factor in explaining farm- 
ers' reactions to innovations (Lipton, p. 322). 
This section focuses on.a case of binding- 
credit constraint. For simplicity's sake and in 
order to isolate the impact of credit, a risk- 
neutral behavior is assumed. 

The cash requirements of farm operations 
are covered by a variety of sources. The fun- 
gibility of credit implies that the tying of credit 
to particular uses is seldom enforceable (von 
Pischke, pp. 10-13); thus, aggregating all 
credit is justified. In terms of the model pre- 
sented here, a parameter K (H) must be added 
to denote total cash availability for a farm of 
size H. The opportunity rate of interest is de- 
noted by r. Assume K(H) increases with H. 
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For simplicity, the following proportional rela- 
tionship is specified: 


(12) K(H) - k- H, 


where k is a parameter denoting per hectare 
cash supply. Farms smaller than J/k cannot 
adopt L because of insufficient cash. But as 
shown later, larger farms may also reject 
adoption of L. 

Since the credit constraint is binding, the 
cash expenditures of any farm of size H must 
equal the credit constraint. Thus, for a farm 
adopting N only, assuming negligible cash re- 
quirements for the traditional technology, it 
must hold that 


(13) h,:c:x,:H=k-dH, 


where the subscript 1 denotes adoption of N 
only. For farms adopting both L and N the 
corresponding relation is 


(14) h occa Ht I —k- dH. 


Analogous to the analysis of the third sec- 
tion, three decision problems corresponding to 
problems (1)-(3) may be defined. The only 
differerences are that presently expected 
profit (rather than expected utility) is being 
maximized, and that the maximization is sub- 
ject to the equality constraints (13) and (14) 
for problems 1 and 2, respectively. The deci- 
sions are characterized as follows: 


Problem 1 (L not adopted) 
Max H(h[P-y(x) - c: x; - Ri] 
"ts RG PK 
s.t. equation (13). 
Problem 2 (both L and N adopted) 
Max H{h:[P ; q(xe) — c ` x — Re] 
ane + R,- UI/H) - r- k} 


s.t. equation (14). 

As before, problem 3 entails the comparison 
between the optimal solutions of problems 1 
and 2; if profit under 2 is higher, L is adopted 
together with N. 

It is clear that only one control variable is 
available in each of problems 1 and 2, since the 
choice of h determines x and vice versa. The 
first-order conditions for optimum imply 


(15) P-y() - R, - x; P+ y'(u) = 0, 


(16) P- q(x:) — Re — x, P+ q'(x;) = 0. 
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One can immediately conclude that the op- 
timal level of x does not depend on the amount 
of credit available, since (15) and (16) define a 
unique solution for x, and xz, respectively, and 
k does not enter in these equations. Equation 
(16) also shows that the fixed adoption cost of 
L (I) does not influence the level of xz; this is 
somewhat counterintuitive since / competes 
with x, for use of scarce cash. But, as evi- 
denced in (15) and (16), the optimal allocation 
implies that changes in the credit constraint 
and cost of L will affect the proportion of land 
allocated to N (as well as adoption of L) rather 
than the intensity of input use. À comparison 
of these results with equations (3) and (4) 
shows that, without a binding-credit con- 
straint, optimal per hectare input use is nega- 
tively related to the ratio c/P, while input use 
with a credit constraint is positively related to 
the ratio R;/P. This holds in the present case 
because a change in x, requires an opposite 
change in A, (to comply with the cash con- 
straint); the reallocation of a unit of land culti- 
vated with N to the traditional technology, 
while involving loss of output produced with 
N, provides R, dollars of revenue. 

Because h; is inversely related to x,, it fol- 
lows that k; is negatively related to the ratio 
R,/P. Thus, a price subsidy will reduce the per 
hectare use of x, but will increase the share of 
area grown with N (whether or not L is 
adopted). The net result is an increase in total 
output produced with N. 

While x** > x* [and thus q(x**) > y(x*)] 
under a nonbinding credit constraint, x; > x, is 
not necessarily true in the present case.* 
Hence, the relation between h, and hg is not 
obvious. Since x, and x, are independent of c 
and k, expansion of credit and subsidies on c 
will lead to expansion of area under N (as can 
be derived directly from [13] and [14]). Simi- 
larly, a subsidy on J will increase hy. As in the 
third section, h, does not change with H, while 
hy increases with H. 

To analyze the effects of various policies on 
the adoption of L, calculate first the critical 
holding size H,, distinguishing between adopt- 
ers and nonadopters of L. Using the definition 
of problems 1-3, and equations (13) and (14), 
H, is 


* Consider, for instance, the case y = x, q = B- y and f> 1. 
Clearly, model assumptions are satisfied. But application of equa- 
tions (15) and (16) yields 

x, = 4R2/Pt x, = ARS / (BP), and 


B» (R/R) > (1 > x). 


Interrelated Agricultural Innovations 99 


(7  H,-I(P:q— R:)/k(P + q — Rs) 


— kGs/xi) (P * y — Ri) + (Rs, - Rc - 


Clearly, 8H,/àc < 0, i.e., subsidies onc will 
increase H,, and will therefore inhibit the 
adoption of L. Recall that in the absence of 
credit constraints the impact of subsidized in- 
puts was ambiguous, depending on overall 
complementarity. 

This results because, with a binding credit 
constraint, an element of substitutability en- 
ters in the simultaneous decisions regarding 
adoption of the two innovations. À lower cost 
of inputs certainly makes N more attractive 
and discourages adoption of L at the margin. 

The impact of subsidies increasing the price 
of output (P) is difficult to ascertain and can be 
both ways, as it increases the attractiveness of 
both innovations. 

As shown above, an increase in overall 
availability of credit (i.e., an increase in k) 
encourages adoption of N. But the effect on 
adoption of L may be positive or negative, as 
described by the condition, 


Xa. 


(18) Sign 3s = sign [22 
ðk Cc? X1 
n Sum 
C * Xa 


= Sign [m,/(c + x) — T - x9)]. 


The explanation of this result is as follows: 
(P -q — Ry) measures the income gain, for a 
farm which has adopted L, when a unit of land 
is reallocated from traditional cultivation to N. 
Equation (14) shows that [1/(c: xə] = 
dh,/ak. Thus (P * q — R3)/(c * xa) is the total 
income gain realized on a farm adopting L 
when credit availability is increased by one 
unit; the term (P - y — R,)/(c - xj) represents 
the gain from a unit allocated to N on a farm 
not adopting L. Since these gains are com- 
pared for a farm whose profit is originally 
equal with or without L, a situation 
(P: y — Ry(e* x) > (P> q- Ry)/(C + xa) 
implies a larger farm where these gains be- 
come equal. The essential factor in determin- 
ing the direction of change stems from the 
concept of overall complementarity. When the 
yield cultivated with the traditional technology 
responds well to the introduction of L, this 
response may be relatively stronger than that 
of the yield grown with N, such that, overall, 
the two innovations should not be viewed as 
complementary. 
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The impact of changes in credit (or cash) 
availability on the adoption is of particular 
interest since it could imply certain dynamic 
patterns: As farmers’ income increases over 
time due to the adoption (even partial) of in- 
novations, more savings per hectare may be 
expected, increasing the amount of cash avail- 
able for farm operations. 


Summary and Concluding Remarks 


This paper provides some results concerning 
adoption patterns for interrelated innovation. 
A simplified case is presented where two in- 
novations are introduced simultaneously: One 
innovation is neutral to scale, while the other’s 
cost decreases with farm size. Some of the 
results are expected while others seem initially 
counterintuitive (see table 1). They depend to 
some extent on the specific assumptions un- 
derlying the models, but focus attention on 
policy implications. The introduction of ag- 
ricultural innovations usually is done by some 
official agency. Such agencies use a number of 
tools to promote the innovations and their 


Table 1. 
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speedy adoption. These- policies, which in- 
clude subsidies on input and output prices, 
special credit facilities, and various methods 
to disseminate information may have differen- 
tial effects on adoption of apparently com- 
plementary components of a new technolog- 
ical package. i 

This paper demonstrates that a careful ex- 
amination of the interrelationship between the 
different components is essential to determine 
whether or not complementarity exists. Such ` 
examination cannot ignore endogenous con- 
straints, such as risk aversion, affecting farm- 
ers’ decisions since they are an integral part of 
complementarity. Policy measures also need 
to account for exogenous constraints such as 
credit scarcity, because response may differ 
depending upon whether or not such con- 
straints are binding. 

Thus, yield complementarity (even after di- 
rect cultivation and adoption costs are de- 
ducted) is not necessarily an indicator of 
genuine complementarity. If it is not, policies 
(such as price or cost subsidies) which en- 
courage adoption of one component may dis- 
courage the other. 


Summary of Comparative Static Results. 





Case A: Credit Constraint Not Binding 


Case B: Credit Constraint Binding 
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* The sign is obtained under the sufficient condition that relative risk aversion (RRA) does not exceed 1. 
> The sign is positive, zero or negative if RRA is decreasing, constant, or increasing in income. 
* The sign is positive if RRA is constant or decreasing. It could be negative if RRA is increasing. 


Feder 


Subsidies to reduce variable input cost will 
increase per hectare application when credit is 
not scarce, but may have no effect when credit 
is constrained. Output price subsidies, on the 
other hand, may reduce the per hectare inten- 
sity of variable input use with effective credit 
constraint. The opposite result occurs with 
abundant credit. It is then possible for 
variable-input cost subsidies to encourage 
adoption of both the divisible and lumpy com- 
ponents of a new technological package. 
However, scarcity of credit implies that sub- 
sidies will stimulate adoption of the scale- 
neutral innovations while discouraging the 
lumpy ones. 


{Received December 1980; revision accepted 
June 1981.] 


References 


Arrow, K. J. Essays in the Theory of Risk Bearing. 
Chicago: Markham Publishing Co., 1971. 

Clay, E. J. “Equity and Productivity Effects of a Package 
of Technical Innovations and Changes in Social In- 
stitutions: Tubewells, Tractors and High Yielding 
Varieties.” Indian J. Agr. Econ. 4(1975):74-87. 

Dalrymple, D. G. Development and Spread of HYV of 
Wheat and Rice in LDC's. Washington, D.C.: USDA 
ESCS For. Agr. Econ. Rep. 95, Sep. 1978. 

Feder, G. ''Farm Size, Risk Aversion and the Adoption of 
New Technology under Uncertainty.” Oxford Econ. 
Papers 32(1980):263—84. 





Interrelated Agricultural Innovations 101 





. "The Impact of Uncertainty in a Class of Objec- 
tive Functions." J. Econ. Theory 16(1977):504-12. 

Feder, G., and G. O'Mara. ''Farm Size and the Adoption 
of Green Revolution Technology." Econ. Develop. 
and Cultur. Change 30(1981):59—76. 

Hiebert, D. ‘‘Risk, Learning, and the Adoption of Fer- 
tilizer Responsive Seed Varieties.” Amer. J. Agr. 
Econ. 56(1974):764-8. 

Kislev, Y., and N. Shchori-Bachrach. ''The Process of an 
Innovation Cycle." Amer. J. Agr. Econ. 55(1973): 
28-37. 

Lipton, M. ''Inter-Farm, Inter-Regional and Farm-Non- 
Farm Income Distribution: The Impact of the New 
Cereal Varieties." World Develop. 6(1978):319--37. 

O'Mara, G. “The Microeconomics of Technique Adop- 
tion by Smallholding Mexican Farmers.’’ Program- 
ming Studies for Mexican Agricultural Policy, ed. 
R. Norton and L. Solis, forthcoming. 

Rogers, E. Diffusion of Innovations. New York: Free 
Press, 1962. 

. Modernization Among Peasants: The Impact of 
Communications. New York: Holt, Rinehart & 
Winston, 1969. 

Scandizzo, P. L. “Implications of Sharecropping for 
Technology Design in Northeast Brazil.” Economics 
and the Design of Small-Farmer Technology, ed. 
V. Valdes, G. Scobie, and J. Dillon. Ames: Iowa 
State University Press, 1979. 

Schutjer, W., and M. van der Veen. Economic Con- 
straints on Agricultural Technology Adoption in De- 
veloping Countries. Washington, D.C.: USAID Occ. 
Pap. No. 5, Mar. 1977. 

Staub, W. J., and M. Blase. "Induced Technological 
Change in Developing Agriculture: Implications for 
Income Distribution and Agricultural Development." 
J. Develop. Areas 8(1974):581—96. 

von Pischke, J. D. ''When is Smallholder Credit Neces- 
sary?” Develop. Digest 26(1978):3-14. 


Estimation of Recreation Benefits from 
Measured Utility Functions 


P. A. Findlater and J. A. Sinden 


Indifference maps from two-attribute utility functions can provide demand curves to 
value the benefits of the attributes or goods. The Ramsey model is one method to 
estimate the functions, and an alternative related method is presented in this paper. A 
comparative estimation of a given recreation benefit indicates that the alternative may be 
a significant improvement over Ramsey. The alternative is simpler and faster. It is 
applied, apparently successfully, to estimate a five-good utility function. This function is 
then used as the objective function in a linear program to value changes in recreation 


benefit when substitute activities are introduced. 


Key words: recreation benefits, unpriced benefits, utility functions, valuation. 


In 1974, Sinden presented a method to esti- 
mate utility functions, their indifference maps 
and demand curves to value recreation ac- 
tivities. The benefit values were validated, but 
each survey interview took three hours. In 
three other applications of the method (Sinden 
1978), interview time was reduced to two 
hours. Nevertheless, further reduction is nec- 
essary for large-scale surveys. Another draw- 
back is the method's unrealistic restriction to 
two goods in the utility function. 

The object of this paper is to present and 
test a new method to provide the same infor- 
mation in a considerably simpler and faster 
manner. This simplicity and speed is demon- 
strated by estimating a multiattribute function 
over five goods— not just two as with the orig- 
inal method. 

The argument proceeds as follows. The 
existing procedure, the Ramsey method, is re- 
viewed first. Next, the new development 
(probabilistic rating) is described, and both 
are applied to evaluate recreation visits to a 
national park in Australia. The methods' 
difficulties are then outlined; the results are 
presented, and the methods are compared. Fi- 
nally a multiattribute utility function is esti- 
mated with the probabilistic rating method. 
Demand curves for park recreation are de- 
rived with and without a substitute activity. 
This is an empirical test of Knetsch’s argu- 
P. A. Findlater is Scientific Officer, Land Conservation Unit, 
Conservation Commission of the Northern Territory, Australia. 


I. A. Sinden is an associate professor of agricultural economics 
at the University of New England, Australia. 


ment that the existence of substitutes places 
upper bounds on people’s willingness to pay 
for new facilities. 


The Two Methods 


The policy problem concerns the allocation of 
resources to park or beach development in 
southern Queensland, Australia (Findlater). 
More specifically, Lamington National Park 
and the Gold Coast beaches are day-visit des- 
tinations for one million nearby permanent 
residents and perhaps an extra million summer 
visitors. Both are heavily visited and are rec- 
reation alternatives. Estimates of the value of 
recreation at the park would assist in the allo- 
cation of public resources between these loca- 
tions. 

The methods rest on a questionnaire ap- 
proach. All the chosen interview subjects 
lived in the major city of Brisbane (81% of 
those visiting the park came from Brisbane) 
and twenty subjects were interviewed. All 
subjects were presented with both methods. 
Each method can be used to estimate indiffer- 
ence maps from which demand curves and 
benefit values can be derived. But they differ 
in the way they derive the maps, as we now 
consider. 


The Ramsey Method 


The Ramsey method rests on a game where 
the subject chooses between two prospects 


Copyright 1982 American Agricultural Economics Association 


Findlater and Sinden 


(table 1). Each prospect contains two out- 
comes, each with a specific probability of oc- 
currence. One of the four outcomes is varied 
until the subject is indifferent between the 
prospects. The data at indifference are used to 
derive a point on a total utility curve. The 
game is repeated for additional points on the 
curve (Sinden 1974). 

The first step in the actual analysis is to 
define as recreation activities the four out- 
comes, labelled (i) to (iv) in table 1. In all 
Ramsey applications the key activity for the 
particular policy problem is entered as out- 
comes (i) and (iii). Findlater was attempting to 
value the benefits of park visits, so these two 
outcomes are defined as quantities of this ac- 
tivity (P). In the first game for each subject the 
quantity of outcome (i) is conveniently defined 
as 0 days P. The quantity of outcome (iii) is 
specified as n days P, and n is determined in 
the interview. 

Outcome (ii) is defined as the best alterna- 
tive recreation activity to P, at the time of the 
interview. For these subjects it was invariably 
visits to the beach (B). In the first game the 
quantity of B was set at one day. The activity 
in outcome (iv) was defined as a neutral activ- 
ity, that is one which is neither substitute nor 
complement to the key activity in outcomes (i) 
and (iii) (Sinden 1974). This neutral activity 
(NA) was defined as staying at home.! 

An arbitrary quantity is inserted for n and 
the subject is asked, ‘‘Do you prefer prospect 
lor prospect II, or are you indifferent between 
them?” If he is indifferent the game stops. If he 
prefers prospect II, n is lowered, to move to- 
ward indifference. If he prefers prospect J, n is 
raised. The question is repeated and n is ad- 
justed until the subject is indifferent between 
prospects. 

When the subject is indifferent between the 
prospects, the total expected utilities (U) of 
the two prospects are equal. For example, let 





! Findlater's subjects *‘handled’’ the game satisfactorily without 
the need to specify the quantity of days of this neutral activity. 
The game can proceed as long as one day of the activity in position 
(ii) is preferred to the neutral activity. 


Table 1. The Ramsey Model of Utility Estima- 
tion, Game 1 





Probability Prospect I Prospect II 
0.5 (i) 0 days P (ili) n days P* 
0.5 (ii) 1 days B (iv) NA 
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n= lintable 1. With an indifférence level of 1 
for n we know: 


(1) 0.5U (0 days P) + 0.5U (1 days B) 
= 0.5U (1 days P) + 0.5U (NA). 
Multiplying by 2.0 and transposing, 


(2) U(1 days B) — U(NA) 
= U(1 days P) — U(0 days P). 


Equation (2) deserves further explanation. 
Two quantities of the good to be valued occur 
on the right-hand side. The left-hand side acts 
as a constant utility interval so that the differ- 
ence between [U(1 days B)] and [U(NA)] is 
scaled and constant. Equation (2) might, 
therefore, be rewritten: 

(2°) [U(1days B) - U(NA)] = U(1 days P) 
— U(0 days P). 


The given amount of utility denoted by the 
combined left-hand side equals the difference 
in utility between the two items on the right- 
hand side. 

A second game (table 2) was played where 
the indifference value of n in position (iii) in 
game 1 became the quantity of P in position (i) 
in game 2. The value of n in game 2 was found 
as before to give another equation at indiffer- 
ence. Let the value of n be 3, for example. 
From table 2, and following equations 1 and 2, 
we have 
(3) [U(1 days B) — U(NA)] 

= U(3 days P) — U(1 days P). 


The scaling of utilities began by setting an 
arbitrary base level and arbitrary utility scale. 
Let U(0 days P) = 1 and let the constant utility 
interval of [U(1 days B) — U(NA)] = 5 utiles.? 
Equations (2) and (3) now gave the following 
three points on a total utility curve,? U(0 days 


2 The base is arbitrarily set here at 1 and not 0 as im the 
earlier paper (Sinden 1974). Here we need to multiply the base 
utility in the developed method so the base utility cannot be 0. 

3 The values are calculated as follows. Insert the base and 
interval figures in equation (2) to give 

5 = U(1 days P) - 1, 
so U(1 days P) = 6 utiles. This calculated value (6) and the, 
interval figure (5) are inserted in equation (3) to give, UG days P) 
= |I. 


Table 2. The Ramsey Model of Utility Estima- 
tion, Game 2 





Probability Prospect I Prospect II 
0.5 (i) I days P (iit) n days P* 
0.5 (ii) 1 days B (iv) NA 








* Let the value of n be 1 at indifference. 


* Let the value of n be 3 at indifference. 
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P) = 1, U(1 days P) = 6 and U(3 days P) = 11. 

More games were played to estimate more 
points on this first total utility curve. The 
games followed game 2 in table 2. The indif- 
ference quantity of n in game m — 1 always 
became the quantity of activity P in game m. 
The new quantity n is found to give a new 
point on the curve. This process was repeated 
until the quantity of P reached a predeter- 
mined time horizon or until the subject is un- 
able to answer the question (do you prefer 
prospect I or prospect II or are you indiffer- 
ent?) at the large quantities of P. 

The indifference value of n is carried over 
between games to enable the subject to ‘‘move 
along" a total utility curve. This permits an 
arithmetic estimation of utilities. Consider 
equations (2') and (3). The indifference quan- 

tity of n from table 1 (1 days P) is carried over 
` and is present in both equations. This, to- 
gether with one known value [U(1 days P) = 
0] and the known arbitrary scale value of the 
left-hand side, leaves only one unknown in 
each equation. The pair of equations can, 
therefore, be solved for the utility of the new, 
higher quantity of the good to be valued. Thus 
we move continuously along a total utility 
curve. 

So far a single total utility curve has been 
estimated. This process illustrates the Ramsey 
method and provides perspective for the alter- 
native method. The final two steps with Ram- 
sey are to estimate a set of total utility curves 
and transpose the set into an indifference map. 
Benefit values can then be calculated from 
demand curves derived from the map. These 
two steps were detailed in Sinden (1974) and 
expanded in Sinden (1980) so they are not 
pursued here. 


The Probabilistic Rating Method 


The Ramsey method requires three steps to 
reach an indifference map. This new develop- 
ment obtains the map in a single step, saving 
interview time. We call it "probabilistic rat- 
ing." 

Subjects were presented with pairs of pros- 
pects, as in table 3. All four positions (i) to (iv) 
were filled with given quantities of two ac- 
tivities. Prospect 1 was a convenient base with 
an arbitrary utility rating of 1.0. Outcome (ii), 
in prospect 2, was the same as outcome (iv) 
and outcome (iii) was a different amount of the 
good in position (i). In this example, P is the 
activity of interest and was placed in positions 
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Table 3. The Probabilistic Rating Method, 
Game 1 








Probability Prospect I Prospect II 
0.5 (i) 0 days P (iii) 1 days P 
0.5 (ii) 1 days B (iv) 1 days B 
Utility Rating 1.08 P 





* This rating of 1.0 is a convenient, arbitrary base point. 
* The rating 1 is found by direct questioning. Let it be 2.0. 


(i) and (iii). Activity B, in positions (iii) and 
(iv), is the best alternative activity. 

The subject was asked, ‘‘How do you rate 
the utility (f) of prospect [J relative to prospect 
1?" To illustrate, let rating ¢ be 2.0 for the 
prospect II in table 3. 

From table 3 we know: 


(4) 2(0.5[U(0P)] + O0. 5(U(18)] 

= 0.5 [U(1P)] + 0.5 [U(1B)]. 
Multiplying by 2.0, 
(5) 2LU(0P) + U(1B)] = U(1P) + U(1B). 


The combination (OP, 1B) is represented by 
point I in figure 1 and the associated utility 
[U(0P), U(1B)] is rated at the arbitrary 1.0. 
The combination of activities on the right- 
hand side of equation (5) is represented by 
point II, and rated at 2.0. The relative utility of 
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Figure 1. Points on an indifference map de- 


rived with the probabilistic rating method (with 
illustrative curves sketched in) 
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two points on the map are now rated. Further 
points are rated as follows. 

: (a) The outcomes in positions (i), (ii), and 
(iv) were held constant in table 3. New quan- 
tities of activity P (specifically 2P, 3P, 4P, and 
5P) were inserted into position (iii) to define 
the new prospects (respectively prospects III, 
IV, V, and VI). The game was repeated to rate 
the new points ‘‘above IT" in figure 1 and 
these ratings are also shown on the figure. 

(b) Outcome (iv) was changed to 2B and 
outcome (iii) to OP to represent point Y (in 
figure 1) relative to point J. Point Y was rated 
in the usual way and, to illustrate, let the rat- 
ing be 1.8. 

(c) The process of step (a) was repeated for 
a set of points between Y and Z. 

(d) Finally, outcome (iv) was changed to 
3B and then to 4B and steps (a) to (c) repeated 
to derive utility ratings, relative to point /, for 
a whole set of points on the map. 

The positions of each of this set of points are 
shown in figure 1. For simplicity, mumerical 
ratings are illustrated only for the points de- 
rived in steps (a) and (b). Some hypothetical, 
but plausible, indifference curves have been 
sketched onto the figure to illustrate the indif- 
ference map. 

In applying the method, the indifference 
map was expressed mathematically as a utility 
function. 


Estimation of Benefit Values 


Both methods were applied to each of the 
twenty subjects. To avoid bias, the order of 
the methods was randomized. The benefit val- 
ues for park visits for each subject were ob- 
tained as areas under the subject's demand 
curve calculated from his indifference map 
and budget lines. This standard procedure is 
explained by: Sinden (1974). 

An important prior step to estimating ben- 
efit values was to standardize the utility 
numbers. The numbers in both methods had a 
common base, U(1B, 0P) — 1 utile, but the 
intervals differed.4 For example, the Ramsey 
method gave the utility of the interval [U(1B, 
0P) to (1B, 5P)] as 16 utiles, whereas prob- 
abilistic rating gave an interval value of 4 
utiles. To compare the two methods requires 


* A utility of 1.0 for combination (LB, OP) was calculated for 
Ramsey when the utility curves were derived. This base utility 
number is arbitrary, so it could also be standardized when neces- 
sary. 
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that both the utility intervals and the base be 
common. The Ramsey number of 16 was 
adopted for this interval and the results from 
the other method adjusted to it. The adjust- 
ment required multiplying all utility interval 
values by the ratio of (utiles in Ramsey) to 
(utiles in probabilistic rating). 


Relative Difficulties between the Methods 


The difficulties with the methods are now dis- 
cussed in order of importance. The theoretical 
difficulties come first. 

(a) The price/budget information for both 
methods was often difficult to obtain because 
subjects sometimes found it hard to estimate 
budgets and define prices. Unfortunately the 
benefits were often very sensitive to the 
budgets. We spent little time in refining ques- 
tions to obtain price and budget data in order 
to concentrate on collecting utility data. How- 
ever, we see no major difficulties in improving 
the quality of the budget data through closer 
questioning. 

(b) Indifference curves should be convex to 
the origin and continuous. But some subjects 
seemed to receive no extra utility from extra 
quantities of one of the goods offered. The 
portions of their indifference curves that we 
collected were not convex to the origin— 
making it difficult or sometimes impossible to 
derive demand curves. Other subjects had 
“‘terraced’’ indifference curves because their 
planning period was in terms of whole days 
rather than fractions of a day. For these sub- 
jects the utility function from probabilistic rat- 
ing may not show true preferences. 

(c) The Ramsey model rests on an arbitrary 
utility interval of, in this case, [U(1 day B) — 
U(NA)], equation (2'). This interval some- 
times proved too great to detect the satiation 
that occurs when marginal utility reached 
zero. Both methods suffer from this difficulty. 

The second kind of problem occurs when 
subjects encounter difficulties in playing the 
games. In these cases, games were not com- 
pleted or preferences changed within and be- 
tween games. The games were new so the first 
method was always harder for the subject to 
understand. The following specific difficulties 
were encountered. 

(d) All models rest on judgments between 
prospects involving probabilities and the sub- 
ject may not understand the nature of prob- 
abilities despite the analyst’s explanations. 
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(e) Interviews were often interrupted be- 
cause the total interview time for the two 
methods was about one and a half hours. An 
effect of this was that subjects sometimes ap- 
peared to change preferences. 

(f) Each subject had to make decisions for 
the whole family but the subject's preferences 
may differ from those of the family. The sub- 
ject's response occasionally may be confused 
between his own preferences and those he at- 
tributed to the family. 

(g) Subjects may ‘‘second-guess’’ the in- 
terviewer with answers that they think he ex- 
pects. 

n general, Ramsey seemed to present the 
most difficulties and probabilistic rating the 
least. The Ramsey method requires some 
prior knowledge of the subject's preferences 
whereas the probabilistic rating method does 
not. It was usually more difficult for a subject 
to nominate the number of days for indiffer- 
ence between prospects for the Ramsey 
method, than to rate the two prospects for the 
probabilistic rating. , 


Results 


Benefit values were obtained from thirteen 
subjects for Ramsey and from fourteen for 
probabilistic rating. The results are compared 
for the thirteen subjects with values from both 
methods. The difficulties just discussed are the 
reasons why some subjects had no values. The 
total benefit from days two, three, and four at 
the park varied from $8 to $1,085. The follow- 
ing two criteria are used to choose between 
the two methods.? (a) The Ramsey method is 
an established procedure. Does the alternative 
give similar benefit values? If so, choose the 
method with least resource costs. (b) Choose 
the method which provides most results for a 
given resource cost. ‘‘Most results” could be 
more data from a given individual or the same 
results from more people. 


Similar Results for Lower Resource Costs? 


Six out of thirteen values from probabilistic 
rating deviated by less than 10% from their 
corresponding Ramsey values. Four out of 
thirteen deviated by 11% to 25% from corre- 


5 The value of the first extra day was sometimes indeterminate 
because some statistical models gave demand curves asymptotic 
to the price axis. Comparative benefit values were therefore esti- 
mated for the second, third, and fourth extra days at the park. 
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sponding Ramsey values. Thus ten out of thir- 
teen deviated by 25% or less from Ramsey. 
Three out of thirteen deviated by more than 
25%. A 25% range seemed a subjectively rea- 
sonable level of accuracy because it would still 
permit a choice between the land-use alterna- 
tives. The development seems therefore to 
give similar results to Ramsey. 

The distribution of times for the thirteen 
probabilistic rating interviews, relative to 
Ramsey, was as follows. Six of the thirteen 
interviews took 50% to 90% less time than 
Ramsey, two took 25% to 49% less time, two 
were within 9% of Ramsey and three took over 
10% more. Thus ten of the thirteen subjects 
had similar times (within 9%) or less with 
probabilistic rating. 

The new method gave similar results to 
Ramsey and generally had shorter interview 
times. In fact, the average time per interview 
was twenty-eight minutes for Ramsey and 
twenty for probabilistic rating. The probabilis- 
tic rating method is some 30% faster than 
Ramsey and appears to be the best method 
with this criterion. 


More Results for the Same Resource 
Costs? 


The probabilistic rating method gave similar 
results to Ramsey at some 70% of the average 
time needed for Ramsey. Indeed, the method 
elicited sufficient data for a utility function in 
only some twenty minutes. Logically then, 
more results should be obtained in the same 
interview time. A potential improvement 
would be a utility function with more than two 
goods, because most choices involve more 
than two alternatives. Accordingly, the prob- 
abilistic rating method was extended to multi- 
ple alternatives. 


Estimation of a Five-Attribute Utility 
Function and Demand Curves 


Consider the following three recreation ac- 
tivities in addition to day trips to the nearby 
national park (P) and the nearest beach (B): 
fishing (F), picnic recreation at Copeton res- 
ervoir (C), and picnic recreation at a gorge 
site (G). 

The two prospects must now have five pos- 
sible outcomes, each of which has an equal 
(0.2) probability of occurrence. The basic 
game for the probabilistic rating method is il- 
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lustrated in table 4. To begin, a simple base 
prospect was selected as prospect I and arbi- 
trarily assigned a utility rating of 1.0. Com- 
pared to prospect I, prospect II has a simple 
one-unit change in one good. The utility rating 
for prospect II, designated as ‘‘r’’ in the table, 
is found by direct questioning. 

The nature of the gambles and choices is 
explained in the usual way. Then the rating 
question is posed: ‘‘How do you rate the util- 
ity from prospect II relative to prospect I?” A 
single subject, selected to illustrate the 
method said, ‘‘60% more.” So the utility rat- 
ing of prospect II is 1.6. A new set of out- 
comes is inserted for a new prospect II, the 
game repeated for a new value of t. 

A series of such games was played with the 
subject comparing each prospect II to the con- 
stant base prospect I. The quantities of the 
various recreation activities were steadily and 
systematically raised and all combinations up 
to four days of each good were rated. The 
relationship between the prospects in table 4 
may be interpreted as follows. 


If 
(6) 1.0 = 0.2[U(1P)] + 0.2[(U(18)] 
+ 0.2[U(1F)] + 0.2[U(1G)] 
+ 0.2[U(1C)], 
then 
(7) 1.6 = 0.2[U(2P)] + 0.2[U(1B)] 


+ 0.2[U(1F)] + 02[U(1G)] 
+ 0.2[U(1C)]. 


Multiply the right-hand sides of equations (6) 
and (7) by 5 to give the following: if 


(8 1.0 = U(IP) + U(1B) + U(IF) 

+ U(IG) + U(1C), 
then 
(9) 1.6= U(2P) + U(1B) + U(IF) 


+ U(1G) + U(1C). 


The first game (table 4) gave equations (8) 
and (9), and each successive game gave further 
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equations of the same type. The ratings of the 
left-hand sides of equations (8) and (9) are 
dependent on the independently varied quan- 
tities on the right-hand side. The utility ratings 
were, therefore, regressed on the quantities of 
goods from the whole set of equations from all 
the games. 

All possible cross-product terms were 
tested to investigate for nonseparable and 
nonadditive utilities. The two models with the 
highest t-statistics, and also the highest ad- 
justed coefficients of determination, were as 
follows: 


(10) U = —1.88 + 0.50P + 0.89F + 0.75G 


(10.1) (17.9) (15.1) 
+ 0.40C + 0.27B, 
(7.2) (5.2) 
where R? = 0.89; 
(11) U = —0.37 + 0.21P + 0.59F + 0.46G 
(4.1) (11.3) (9.0) 
+ 0.12C + 0.5 (P.F.G.C.B.), 
(2.3) (6.9) 
where R? — 0.92. The r-statistics are in pa- 


rentheses; both equations were based on fifty- 
three sets of observations, and both had 
forty-eight degrees of freedom. The necessary 
data for these five-attribute functions were ob- 
tained in a forty-five-minute survey. 

There seems little statistical reason to prefer 
one equation over the other. Equation (11), 
with the multiplicative term, is a nonlinear 
utility function. Equation (10) is a linear utility 
function, implying substitution between ac- 
tivities at constant rates. This evidence on 
substitutability follows the subject's intuitive 
description of the relative desirability of the 
activities. Further, the linear, additive equa- 
tion (10) is suitable for the objective function 
of a linear program if the constant can be 
dropped. A geometric program would be re- 
quired for the curvilinear equation (11). Thus 
equation (10) is selected to derive the demand 
curve. 


Table 4. A Probabilistic Rating Game to Derive a Five-Attribute Utility Function 





Probability of Prospective Utility 
Prospect Each Outcome Outcomes Ratings 
I 0.2 1P, 1B, IF, 1G, 1C 1.0 
II 0.2 2P, 1B, IF, 1G, 1C m 





a The rating ¢ is found by direct questioning. 
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Estimating Demand Curves 


Equation (10) was used as the objective func- 
tion in a linear program. The optimal quantity 
of each activity at given prices must be ob- 
served so the value of the total utility is not 
required. The constant in the equation can 
therefore be omitted without analytical loss. 
The seven constraints were a budget limit, a 
total time constraint of twelve days, and a max- 
imum of four days per activity. The price of P 
was varied and associated quantities observed 
to obtain a demand curve. 

The price of P was varied between $10 and 
$30 to give demand curve 1 (shown by the X's 
in figure 2). At a price of $10, the subject takes 
four days, but at $12.60 he takes zero days 
because the beach activity (B) offers more 
utility per dollar and replaces P in the optimal 
solution. Activity B therefore substitutes for 
P. The substitute was effectively removed by 
pricing it at $30 instead of its actual $10. The 
process was repeated to give demand curve 2. 
At a price of P of $30 per day the subject takes 
1.3 days P. However at $31 he takes zero P 
because his budget is exhausted. In recreation 
terms all of these prices represent the marginal 
cost of the activity. 


Effect of the Substitute Activity 


Knetsch has argued that substitutes place 
upper bounds on willingness to pay for new 
facilities. Howe endorses this view and the 








1 2 3 4 
QUANTITY OF DAYS AT THE PARK 


Figure 2. Demand curves for days at the park 
(P) with (curve 1) and without (curve 2) the 
substitute 
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concept that the demand curve for the new 
facility will be truncated. The upper bound of 
$12.6 and such truncation are well illustrated 
in figure 2. Howe concludes that direct-survey 
and travel-cost methods may capture total and 
not net benefits of new facilities. He proposes 
a change to the travel-cost theory that ‘‘poten- 
tially allows” for substitution. 

The present procedure appears to be a prac- 
tical way to estimate demand curves with and 
without the substitutes. Figure 2 shows that 
without the substitute, the subject is willing to 
pay $20 for unit 2, $13 for unit 3, and $10 for 
unit 4. Ignoring the first unit, the total benefit 
is $43. With the substitute, the subject is will- 
ing to pay $12.5 for units 2 and 3 and $10 for 
unit 4, for a total of $35. Thus, an analysis 
which ignored substitutes would overestimate 
benefits for this one subject by $8, or 23%. 


Conclusions 


The new probabilistic rating method of elicit- 
ing utility functions has been presented, 
applied, and compared to the standard Ram- 
sey method. The comparison suggests that the 
new method has some desirable and im- 
proved performance characteristics. Prob- 
abilistic rating gave similar results (benefit 
values) as Ramsey but with considerably 
shorter interview times. It, therefore, seems 
the more useful of the two methods. 

Probabilistic rating was extended to obtain 
data for a five-good utility function in a forty- 
five-minute interview with a single subject. 
This utility function was then used to derive 
demand curves for a recreation activity, with 
and without substitutes. This derivation seems 
to be a practical empirical: procedure to esti- 
mate the effect of substitutes. 

What is the potential value of the probabilis- 
tic rating method? Its success rests largely on 
the reliability of responses to the rating ques- 
tion. Our subjects found this question easier to 
understand than the question for n in the Ram- 
sey method. Probabilistic rating is faster and 
simpler than the Ramsey method. Application 
to the larger scale problem, with five recre- 
ation activities, proved simple—once we had 


5 We have not made any experimental comparisons of prob- 
abilistic rating against the direct question or other valuation tech- 
niques. So we have not attempted to report on such comparisons, 
despite our intuitions from this research and our other studies such 
as Sinden and Worrell. 


Findlater and Sinden 


worked out the principles reported here. The 
subsequent derivation of benefit values 
through regression analysis and linear pro- 
gramming was straightforward. The whole 
strategy seems sufficiently direct and com- 
prehensive to be widely applied to investigate 
propositions and derive values. 


[Received January 1980; revision accepted 
August 1981.] 
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The Scarcity Syndrome 


Don Paarlberg 


There is à new mindset about farm and food matters 
that may affect us profoundly in years ahead. After 
half a century of conventional wisdom that the farm 
problem was one of surplus, today's perception is 
that the problem is shortage. I call this the ‘‘scarcity 
syndrome." Jt has seeped into farmer attitudes, 
economic analyses, and legislation. It has helped 
escalate farmland prices and the demand for credit. 
It will probably profoundly affect commodity pro- 
grams during the 1980s. We are not sufficiently 
aware of the far-reaching effects of this new at- 
titude. In this note I examine the scarcity 
syndrome-—its validity and effects. 


Some Evidence 


First, I shall marshall some evidence, accurate and 
otherwise, that appears to support this new at- 
titude. 


Prices 


Farm product prices have been rising irregularly. In 
1980, they were two and one-half times the 1967 
level. People naturally associate higher prices with 
smaller quantities; the superficial explanation of a 
higher price is a shorter supply. 

Not only have farm product prices increased, 
virtually all prices have risen. The farm cost of fuel 
is four times as high as in 1967 and we know that 
short supply was partly to blame. We hear that we 
are running out of other natural resources such as 
timber, iron ore, and manganese. We read that we 
are going to have less of almost everything. The 
scarcity syndrome has affected other sectors as 
well as agriculture. 


Income 


Average net incomes of farm people, which. for 
many years had been low relative to nonfarm 
people have been rising steadily. Almost all income 
from farming is earned in the market place. Gov- 
ernment payments were 2196 of net income from 
farming as recently as 1972; in 1979 they were 596. 
The market seems to be treating farmers better than 
formerly. The natural inclination is to attribute this 
to tighter supplies. 


Don Paarlberg is a professor emeritus in the Department of Ag- 
ricultural Economics at Purdue University. 


Weather 


The conventional wisdom is that, except for 1980, 
recent weather has been better than we can con- 
tinue to expect and that crop yields in years ahead 
are likely to reflect poorer average growing condi- 
tions than recently. This appraisal contributes to 
the scarcity syndrome. 


Exports 


World population is increasing and per capita in- 
comes are rising. The United States is now evi- 
dently committed to supplying the growing over- 
seas market. From 1971/72 to 1979/80 the physical 
quantity of U.S. farm exports increased two and 
one-half times. In 1980, exports took one-fourth of 
U.S. agricultural production. Between now and the 
year 2000, the world population is expected to grow 
35%. Per capita incomes abroad are also expected to 
increase. Our foreign customers will try to upgrade 
their diets, demanding more feed grains and soy- 
bean meal. The prevailing view is that the United 
States will be supplying much of this additional! 
demand and experiencing stress on its capacity to 
produce. 


Gasohol 


If existing blueprints are followed, several hundred . 
million bushels of corn will be converted to alcohol 
annually by 1985. This will be in addition to an 
increase in the use of corn for sweetening. The 
combination of corn for export, corn for alcohol, 
corn for sugar, and corn for feed adds credibility to 
the scarcity syndrome. 


Farmland 


The conventional wisdom about farmland is that 
"they're not making any more of it." We dispute 
how many acres are lost annually to urbanization 
and how many to erosion. But the arguments deal 
only with magnitudes; the directions are conceded. 


Crop Acreage 


In 1981, virtually no acres were withheld from pro- 
duction under government programs. As recently 
as 1972, farmers set aside 62 million acres, 1696 of 
our cropland. The obvious conclusion is that we 
now have no real cushion of unused acreage for 
meeting future needs. 
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Paarlberg 
Grain Stocks 


World carryover stocks of grain, which were re- 
cently rebuilt from low levels of 1974—75, were 
drawn down. At the end of the 1980-81 marketing 
year, they were about the same, relative to con- 
sumption, as during the mid-seventies world food 
scare. For the United States, the feed grain car- 
ryover was only a little above pipeline stocks. 


Water 


With rising energy prices and falling water tables, 
pump irrigation is becoming uneconomical across 
the Great Plains, Southwest, and Far West. Some 
acres now irrigated will return to lower-yielding 
dryland farming. 


Efficiency 


It is alleged that the backlog of agricultural technol- 
ogy has been mostly pulled off the shelves. The 
argument is that great numbers of farmers used to 
lag far behind the leaders in per acre yields. The 
game of productivity 'catch-up'" provided huge 
gains in total output. But now, it is said, improved 
practices are in fairly general use. Few break- 
throughs are anticipated for the leaders. Efficiency 
and productivity are known to have declined in 
nonfarm sectors; it is alleged that they are leveling 
off in agriculture too. 


Research 


Federal contributions to the experiment stations 
have been virtually stagnant in real terms for fifteen 
years. The customary conclusion is that adequate 
new knowledge is not being developed and that this 
will reduce future agricultural productivity. 


Farm Population 


In 1921, the farm population totalled 32 million. 
Today it is about 6 million. One way of looking at 
this is to say that the human resource in agriculture 
has been depleted. Therefore, few people will offer 
their labor in agriculture. Consequently, production 
is likely to be less than if this adjustment had not 
occurred. 


Energy 


Farm production undoubtedly will be made more 
difficult by rising energy costs, reflected in higher 
prices for fuel, fertilizer, pesticides, and other in- 
puts. These rising costs are likely to squeeze out 
some marginal production, exacerbating scarcity. 


Regulation 


Environmental regulations are expected to curtail 
some technically efficient farm practices. Some 
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farm chemicals not only are increasing in cost, their 
use is being challenged. If they are used, crop pro- 
duction will be more costly than before. If their use 
is denied, yields will decline. Either path seems to 
put a brake on production. 


The Analysis 


Analytical work supporting the scarcity syndrome 
comes from multiple sources: The Worldwatch In- 
stitute (Brown), the Department of Agriculture 
(Penn), the International Food Policy Research In- 
stitute (Mellor), the Food and Agricultural Organi- 
zation of the United Nations, and the World Food 
Council (Tanco). Four recent reports of the Carter 
Administration reflect the scarcity syndrome: The 
Global 2000 Report to the President (Speth and 
Pickering), Overcoming World Hunger: The Chal- 
lenge Ahead (Presidential Commission on World 
Hunger), The National Agricultural Lands Study, 
and the Summary Report on the Structure of Ag- 
riculture (USDA 1981). A pessimistic background 
for the present mood came from two reports to the 
Club of Rome: Limits to Growth (Meadows), and 
Mankind at the Turning Point (Mesarovic). People 
in these agencies read and reinforce each other's 
work, using similar methods of analysis. Thus they 
do not provide entirely independent assessment. 

Taken together, these perceptions make a strong 
case. This mood has been picked up by most farm 
and food industry groups. Less has been said about 
it by the farm lobby because this view is not consis- 
tent with the surplus scenario of the past fifty years, 
nor is it consistent with big commodity support 
programs. Farm lobbyists fear that if farmers give 
up their old rationale they may lose the commodity 
programs. 

We have had brief periods of concern in the past 
about the adequacy of food supplies. There was a 
short neo-Malthusian food scare after World War 
Il, 1946-47, when expanded postwar needs coin- 
cided with a poor U.S. crop. There was another in 
1964-65 with a poor crop in South Asia. There was 
another, much worse, in 1966-67, when drought 
struck India's Bihar province. Then came the re- 
cent world food scare during 1973—75, associated 
with poor crops in a number of countries. At the 
time, these various episodes were considered by 
some analysts to be unfortunate departures from 
normal. However, the prospective scarcity situa- 
tion, as popularly perceived, has a more long-run 
tone. The bountiful 1981 crop blunts this view but 
does not abolish it. 


The Earlier Surplus Scenario 


The scarcity syndrome is more striking because it 
follows an opposite assessment which gripped us 
for 40 years—that our problem was surplus. The 
surplus scenario also was based on a set of percep- 
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tions, of course, different. Their focus was that we 
had excess agricultural capacity and that resources 
in agriculture could not be voluntarily withdrawn 
(Cochrane and Ryan, p. 15; Johnson and Quance). 
The visible confirmation of the surplus scenario was 
the pileup of commodities in government hands and 
the idling of cropland. 

The surplus scenario had some illusion to it. For 
instance, total agricultural production during the 
five first and worst years of the Great Depression, 
1930-34, was actually 2% below the production of 
the five preceding years (USDA 1942). This is con- 
trary to the general perception. Surplus stocks did 
accumulate, true enough. But that happened be- 
cause we priced our products above market-clear- 
ing levels. From 1928-30 to 1959-61, under the 
surplus illusion, we held cotton production constant 
at 14.4 million bales. Meanwhile, cotton production 
in the rest of the world more than doubled. The 
cotton market was there, but we shut ourselves off 
from it and piled up a government "surplus." A 
major law of economics is that if a competitive 
product is priced above equilibrium, a surplus will 
accumulate no matter what the physical volume of 
production is. 

Interestingly, during the years 1978-80 when the 
scarcity syndrome arose, total U.S. agricultural 
production averaged 7% above average production 
of the three previous years in spite of a poor crop in 
1980 (USDA 1980). Again, the mood eclipsed the 
statistics. 

We seem to have escaped the surplus scenario, 
but we should beware of replacing it with an oppo- 
site mindset. When perception inclines one toward 
a particular view, impressive evidence can be mar- 
shalled in its support. Opposite evidence can be 
overlooked without intent to deceive. The scarcity 
syndrome, currently dominant, needs careful exam- 
ination rather than fashionable endorsement. 

When market prices of farm products recently 
moved above supports, we exported enormous 
quantities and drew set-aside acres into use. Essen- 
tially, the supply and demand for agricultural prod- 
ucts came into equilibrium with approximately full 
use of U.S. agricultural resources. This should not 
surprise a good analyst. It is what will happen in a 
market-oriented industry. That we have moved 
from a government-induced surplus into a market- 
oriented equilibrium should not persuade us that 
the next stage. necessarily will be shortage. But 
some people mistrust the market and think that 
government must manage things. To such people, if 
there is no longer a surplus to be managed there 
must be a scarcity to be supervised. The idea of a 
market-induced equilibrium is alien to those who 
inherently mistrust the market. 

The force that pushes up prices of farm products 
and everything else is, in my view, an excess of 
money and credit, not a shortage of commodities. 
The force that pushed down prices of farm products 
and everything else during the Great Depression 
was a shortage of money and credit, not commodity 
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surplus. Few good prescriptions ever flow from 
wrong diagnoses. What we need is management of 
the volume of money and credit, not management 
of the supply and price of agricultural products. 


Assessments 


I now examine briefly and critically some indicators 
often cited to support the scarcity syndrome. 


Efficiency 


The allegation that agricultural efficiency is tapering 
off is not established. Productivity—total output 
per unit of total input —has worked its way irregu- 
larly upward during the past century. The record 
shows that agricultural efficiency continues to ad- 
vance, although efficiency declines in the nonfarm 
sector. Allegations that efficiency gains in agricul- 
ture are tapering off cannot be supported by exam- 
ining the record, as can be seen in table 1. 
Present farm practices provide new yield incre- 
ments which are declining. This is true. It is always 
true of any operational technique. But there likely 
will be new techniques; there always have been, 
ever since agriculture changed from an art to a 
science. What will they be? Who knows? Maybe 
gene-splicing. Maybe textured soy protein. Maybe 
nitrogen fixation for nonleguminous plants. Maybe 
weather modification. Maybe salt-tolerant crops. 
Maybe hydroponics. Maybe wide crosses, like 
triticale. Maybe twinning of beef calves. Maybe 
improved photosynthesis. Maybe supplemental ir- 
rigation. Maybe computer-aided management. We 
cannot tell. Agricultural research is like drilling for 
oil; you never know whether you are five feet from 
a million dollars or a million feet from five dollars. 
Yet every now and then somebody strikes oil. It is 
contrary to experience to expect all dry holes. 
However, a mindset conditioned by the scarcity 
syndrome can produce this pessimistic outlook. 


Research 


It is true that real federal outlays for research by the 
agricultural experiment stations have been stagnant 
for fifteen years. But other agricultural research has 
increased. Expanded work has come from the 


Table 1. Annual Average Rates of Changes, 


in Productivity in U.S. Agriculture, 1870—1979 





Period Percentage Change 
1870-1900 1.0 
1900-1925 —0.2 
1925-1950 1.3 
1950-1965 2.2 
1965-1979 1.8 





Source: Durost and Barton, Durost and Black. 
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states and from such nontraditional sources as lib- 
eral arts colleges, federal agencies other than the 
Department of Agriculture, private research estab- 
lishments, the international research network, and 
agribusiness firms. Farmers themselves generate 
new knowledge. In the aggregate, the nonfederal 
inputs vastly exceed the USDA contribution. In 
addition, other countries have expanded agricul- 
tural research. Annual expenditures for global ag- 
ricultural research have increased over fivefold 
since 1951, and threefold since the early 1960s. 
(Wittwer) 

We cannot obtain an accurate estimate of the 
output of new agricultural knowledge by measuring 
the input of one small contributor. It is narrow to 
conclude that unless the United States does it, noth- 
ing happens. But the scarcity syndrome leads us to 
that conclusion. 


Weather 


No one knows what the weather will be like in the 
years ahead. Long-range weather forecasting has 
not yet reached a stage at which it is useful. Unfor- 
tunately, when it comes to predicting next sum- 
mer's weather, the Farmers Almanac is still about 
as good as anything else. Changes in climate can be 
identified in retrospect. But with present knowledge 
they cannot be anticipated with sufficient accuracy 
to be of much help in decision making. 


Farmland 


The U.S. Soil Conservation Service says there are 
127 million acres of land, not now tilled, that could 
be converted to cropland, if prices were attractive, 
in one or two decades (National Agricultural 
Lands Study). This is in addition to the present 
cropland base of 413 million acres, a potential 30% 
increase. True, these additional acres would not be 
as productive as those now tilled. They would be 
more erosive. However, we are far from using our 
land with real intensity, as anyone who knows 
about agriculture in Japan or Western Europe will 
testify. 

We convert about 675,000 acres of cropland to 
urban and other nonagricultural uses each year, 
one-fifth of one percent of our cropland (National 
Agricultural Lands Study, p. 83). The figure in 
popular use is three million acres per year, a num- 
ber which includes forest, mountain, desert, and 
rangeland. Inclination to use the larger (and er- 
roneous) rather than the smaller (and more nearly 
accurate) figure reflects the power of the present 
mindset. Urbanization of cropland can be very dis- 
ruptive locally, but it poses virtually no threat to 
our national agricultural potential. 

Erosion is more serious. Up to now we have been 
able to more than offset erosion damage by improv- 
ing production technology. That may continue to be 
so for at least a time. To set matters in perspective, 
the Soil Conservation Service considers erosion 
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loss of five tons per acre or less to be ''tolerable," 
in that losses up to this level are considered capable 
of being sustained without reducing long-term soil 
productivity. Seventy-six percent of U.S. cropland 
experiences losses of five tons a year or less 
(USDA SCS). 

The surplus scenario and the scarcity syndrome 
seem totally different. But in one respect they are 
strikingly similar. Both largely ignore the effect of 
price on the quantity supplied and demanded. In 
both cases the supply curve is assumed to be per- 
pendicular to the base or nearly so, and the demand 
curve likewise. The supply situation is assumed to 
result from changes in technology, the resource 
endowment, structural characteristics, or other at- 
tributes distinct from price. The assessment is that 
price is unable to do a satisfactory job of allocating 
resources; therefore, in both cases, a strong role is 
prescribed for government. 


Self-Fulfilling Analyses 


The surplus mindset convinced us that prices were 
low because of a surplus. Protecting farmers from 
low prices became the central objective. So we 
sought to increase prices. With prices supported 
above market-clearing levels, production was 
stimulated and demand reduced. The result was 
that products piled up in government hands. The 
prospect of surplus, therefore, became self-fulfill- 
ing. 
What might be the result of our new mindset, 
focused on shortage? One view is that shortage 
gives the food industry a chance to gouge consum- 
ers with high prices. Thus, buyers should be pro- 
tected from such exploitation. A citizenry which is 
97% nonfarmers might be so inclined and might cast 
about for ways to hold down food prices. Signs of 
such attitudes are visible all around us. 

What are the tools for holding down the food 
prices, if that objective should be sought? Here are 
three, all of them used to some extent during the 
world food scare of 1973—75. 

Embargoes, which keep food at home and clog 
the domestic market with heavy supplies. 

Direct price controls. 

Manipulation of government-owned or govern- 
ment-managed food reserves to depress prices. 

All of these interventions were, in my opinion, 
unfortunate. The embargoes raised questions about 
our credibility as a reliable supplier. Direct price 
controls created the illusion that inflation was no 
longer a problem. This provided the background for 
expansive monetary policy and the subsequent 
price explosion when price controls were removed. 
The disposal of government stocks, prompted by an 
eagerness to hold down retail food prices, was pre- 
mature. It left us with cupboards bare when a real 
need arose. 

If a cheap food policy were strongly used and 
long continued, the result would be to stimulate 
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demand and inhibit production, so that the scarcity 
mindset would become self-fulfilling. Those who 
predicted the shortage could then congratulate 
themselves on their foresight, just as those who, 
half a century earlier, diagnosed that problem as 
one of surplus. 

The consequences of a deliberate cheap food pol- 
icy would be disastrous: 

Low prices and low incomes for farmers. These 
are disincentives for future production and would 
worsen rather than alleviate scarcity. 

Reduced export earnings and injury to our trade 
balance. This could produce a fall in the dollar's 
exchange value. 

Loss of access to our exports on the part of poor 
countries who need our food supplies. 

Impairment of our international good will. We 
would be charged correctly with abdicating our role 
in the global food network. 

With inflation and a scarcity syndrome, a cheap 
food policy can have great political appeal. If a 
cheap food policy is seriously pursued, farmers 
should fight it with every weapon at their command. 


Conclusion 


We cannot know with accuracy the scale of agricul- 
tural production in the years ahead. But, if we per- 
sist in public policies that price our products far 
above equilibrium we shall create a surplus, even 
though we might not have had one in the beginning. 
If we price them substantially and continually 
below the market we shall induce scarcity, even 
though the original scarcity may have been an illu- 
sion. These concepts become self-fulfilling. 

The best way to avoid these dangers is to allow 
the market to price our products, with help from 
some techniques which improve the functioning of 
the market. Such a system, coupled with responsi- 
ble management of money and credit, will encour- 
age the volume of agricultural output suited to our 
resources and our needs, avoiding both surplus and 
shortage. 

If there is indeed difficulty in meeting the demand 
for food and if prices are allowed to respond, farm- 
ers will get the signal. They will increase output, 
bringing supplies into adjustment with markets at 
new and higher prices. It is this capability for price 
adjustment and response that is often omitted from 
econometric models. A common error is to use 
short-term coefficients of supply and demand in the 
analysis of long-run policies. There is an old saying: 
high prices are the best remedy for high prices. 

The scarcity syndrome is an untested hypothesis, 
not an established fact. An unquestioning embrace 
of this new and fashionable mindset might not only 
be wrong; it could lead to some very bad public 
policies. 

[Received April 1981; revision accepted 
August 1981.] 
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Households and Farm Establishments in the Finis 


Implications for Data 


Lyle P. Schertz 


This paper relates to three issues. First is Bonnen's 
conclusion that the inadequacy of our ‘‘information 
processing” is primarily a design and conceptual 
problem stemming from the ways that '' . data 
are collected, analyzed and acted upon by decision 
makers" (Bonnen 1975, pp. 754, 761). Second is 
Upchurch's 1974 reiteration of an earlier challenge 
by Trelogan for economists to be ''involved in the 
process of developing a better system of data for 
the food and fiber industry.” Third is the author's 
frustrations in using available data and information 
to appraise changes in resource organization and 
management in U.S. farming. This paper describes 
a way to think about the farming subsector of ag- 
riculture in terms of households as well as estab- 
lishments. It suggests, in turn, a conceptual frame- 
work for the collection of related data and informa- 
tion. 


Agricultural Economists! Tradition of 
Interest in Data Systems 


The profession's concern about data systems and 
related adjustments has focused heavily on farm 
income estimates (Bonnen 1972, Carlin and Smith, 
Hildreth, Nicol, and Weeks and Schluter). Data 
series to measure the use of nonfarm resources in 
farming and the nonfarm income of farm operators 
have been constructed. Recent efforts to improve 
data series culminated in a revised set of farm sec- 
tor financial and income accounts (USDA 1980). In 
line with Nicol's recommendations, recent changes 
align farm-related estimates with national income 
and product account measures. Estimates of 
operator income encompass returns for labor, capi- 
tal (including land), and management provided by 
farm operators. Other estimates measure returns to 
equity in farm assets. 

Our data systems focus almost exclusively on 
farm operators. However, they are an increasingly 
heterogenous group. Some operators provide prac- 
tically all resources used on their farms. Others 
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concentrate their efforts on entrepreneurial ac- 
tivities, renting or hiring the services of practically 
all resources used on their farms. Yet, in many of 
our data series, no distinction is made among 
operators regarding these differences. 

The concepts in this paper are generally consis- 
tent with changes being made by USDA. However, 
they differ in that, conceptually, the approach pre- 
sented here encompasses all households that pro- 
vide resources. Thus, this approach includes op- 
erator households but does not exclude other 
households if they provide resources to farming. In 
practice not all households would be included in a 
related data system. For example, households in- 
volved as shareholders of large farm input suppliers 
may not be iricluded. 

Further, the concepts in this paper suggest ways 
to classify operator households and farm establish- 
ments. For example, they are consistent with the 
reality that in many situations, more than one 
household participates in the operation of any one 
farming establishment. Any one of these house- 
holds may also be providing resources to two or 
more farming establishments—‘‘the places on, or 
in, which the production process occurs” (USDA 
1980). 


Income and Wealth Distribution among People 


Farm structure issues relate to many aspects of 
farming (USDA 1979, Schertz et al.). Some of these 
issues include the way that resources are or- 
ganized and managed in farming and the distribu- 
tion of incomes, including the capital gains, asso- 
ciated with owning these farm resources. Other is- 
sues relate to opportunities to acquire farm assets 
and realize related income and the distribution of 
government: benefits and costs of government pro- 
grams, policies, and rules. Each of these features 
involves the distribution of income and/or wealth 
among households—a unit for investigation which 
is meaningful to the economics of the welfare of 
people. 

The need for household information is further 
underscored by important changes in agriculture 
about which we know rather little. They include the 
following: 

(a) The great heterogeneity in the organization 
and management of farm resources. Combinations 
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of resource ownership and use have been changing, 
and they vary widely. 

(P) The separation of ownership and use of re- 
sources which is likely to increase, especially with 
land. Statistics indicate that hired labor as a propor- 
tion of total labor used in farming has increased. 
Informal reports indicate that machinery rentals 
have increased. 

(c) The tendency for many households that own 
resources used in farming to become very wealthy 
as streams of income and associated farm land asset 
values have increased | in the past eight years 
(Schertz et al.). 


Current Data Geared to “One Farm, One Farmer, 
One Farm Household" Concept 


Our current data systems generally imply that indi- 
vidual farms are associated with an individual 
household that includes a resident farmer. The em- 
phasis is on farm operators. These data systems 
provide limited information about hired laborers 
and nonoperator landlords. Information about the 
nonfarm income and nonfarm wealth of the house- 
holds providing resources such as land, capital, 
labor, managément, and entrepreneurship in farm- 
ing is even more limited. l 

Bonnen suggests that there are two develop- 
ments which cause conceptual obsolescence. (a) 
‘changes in the organization and nature of the food 
and fiber industry,” and (b) changes in the ‘‘agenda 
of food and fiber policy" (Bonnen 1975). The 
schema presented in this paper relates to both types 
of obsolescence. It could facilitate measuring 
change in industry organization and is adaptable to 
farm structural and commodity issues. 

Observers of our data recognize the nonfarm di- 
mensions of farm-related households (Carlin and 
Handy, Lee). However, in the end, the profession 
always emphasizes farm income and assets rather 
than data that could reveal economic and financial 
characteristics of nonoperator households as well 
as those of farm operator households.and estab- 
lishments. These voids are at least partially ex- 
plained by the lack of an adequate conceptual 
framework. 


In the absence.of adequate data and research, 


farm related data is often used as if (a) individual 
households are associated with individual farms; 
(b) these households do not have significant non- 
farm incomes or assets; and (c) nonfarm house- 
holds do not own farm assets, do not operate farms 
and, therefore, .do not have farm-related incomes. 
Note, for example, how discussions about agricul- 
tural policies often emphasize concepts such as 


farm population and farm-nonfarm income com- ` 


parisons. 

U.S. farming, in fact, deviates dramatically from 
the ‘tone farm, one farmer, one farm household" 
model (Upchurch 1979). Returns to the households 
are. joint- returns for the resource combinations 
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employed. Today, only a small proportion of U.S. 
farm production comes from farms with a single 
owner-operator family providing all or a major part 


‘of the management and capital (machinery, energy, 


etc). Instead, the major portion of U.S. farm prod- 
ucts comes from establishments that obtain re- 
sources from several different households with 
characteristics quite unlike operator households. In 
spite of these changes, much of our data are col- 
lected and represented as if the ''one farm, one 
farmer, one farm household" model continues to 
prevail. 


A Resource Ownership and Use Separation Model 


The way that farm resources are organized and 
managed is shifting from one extreme model—one 
farm, one farmer, one farm household—toward an- 
other model—resource ownership and use separa- 
tion. This second model involves the separation of 
ownership of nonland as well as land resources. 
Separation of capital ownership from its use (ma- 
chinery and dairy cow rental, for example) and 
separation of labor ownerhip from its use (hired 
labor, for example) are involved. Importantly, 
“use” in this context refers to the individuals who 
receive the entrepreneurial return from the em- 
ployment of the resources. In the extreme version 
of this model, no single household provides more 
than one kind of resource. However, these individ- 
ual households may have nonfarm income and as- 
sets. 

In resource acquisition, however, most of to- 
day’s farm establishments fall somewhere between 
the extremes. of these two models. For example, 
one household (which has one or more members 
who are the operators) may provide all entre- 
preneurial resources, but only some of the other 
resources. Other households provide the remaining 
resources. The household providing the entre- 
preneurial input for the farm may not provide any 
resources to nonfarm establishments. The other 
households providing resources to the farm estab- 
lishment may or may not provide resources to other 
nonfarm establishments. Obviously a large number 
of differing combinations are possible. 


Establishment Data Cannot Substitute 
for Household Data 


Changes in farming have stimulated proposals to 
organize data on the basis of establishments. For 
example, Upchurch proposes orienting data sys- 
tems to farm production establishments with flexi- 
bility in defining establishments for different types 
of farming. He sees a correspondence of data col- 
lection for farming to data collection for other 
businesses such as retailing and manufacturing. 
This orientation would be very useful for under- 
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standing the total food system. For example, it 
could support estimates of '' ‘income from agricul- 
tural production' in contrast to current estimates of 
‘farm income’ ° (Upchurch 1979, p.1). 

. However, establishment data will not adquately 
support analysis of structural implications of alter- 
native policies and programs. Establishment data 
could provide information about the ownership of 
resources used in establishments. But, they would 
not likely do so, and they are even less likely to 
provide information about the household charac- 
teristics of the resource owners, such as their non- 
farm income and assets. Yet, this kind of informa- 
tion is important if we are to understand changing 
combinations of resource ownership in farming es- 
tablishments, the extent to which resource own- 
ership and use is separated, and the distribution of 
income and wealth among people involved in farm- 
ing. 


A Possible Approach 


The juxtaposition of the two extreme models sug- 
gest approaches for data collection and investiga- 
tion. 

(a) What is the distribution of farming estab- 
lishments along a continuum between the two mod- 
els? Does the distribution vary among resources, 
products, or regions? 

(b) What is the nature of competition among the 
different kinds of farming establishments? 

(c) What is the distribution of income and 
wealth among the different households which pro- 
vide resources to farming establishments? 

(d) To what extent do households that provide 
resources to farming also provide resources to non- 
farm establishments? 

A combined system of data including information 
on establishments and households would be useful. 
Accounts for resource supplies and income flows 
(and their distributions) among establishments and 
related households could be provided. Also, dis- 
tributions of nonfarm economic activities, income, 
and wealth could be generated. Such accounts 
could yield data on assets, earned income by 
source, and government payments to all households 
involved in USDA programs from suppliers of farm- 
ing resources as well as food stamp recipients 
Such data would be helpful in evaluating income 
and wealth distribution effects of alternative policy 
and program provisions. It would be important also 
to examine and perhaps improve the price and 
transaction series for resource categories, such as 
farm land prices. 

This approach, or some variation of it, should 
guide the future collection and presentation of data. 
Priorities among the different sets of data called for 
by this conceptual framework will depend on the 
priorities which society and policy makers place on 
various issues. These, in turn, will generate specific 
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**demands'"' for information and analysis. For sup- 
ply response analysis, establishment data are usu- 
ally adequate. Wealth effects of income flows to 
households are probably not crucial to reliable sup- 
ply response estimates. 

In contrast, if analyses are required for decisions 
concerning economic need, such as the level of 
incomes as criteria and justification for program 
activities, an understanding of the households in- 
volved is important. 

There is a tendency for analyses to focus on firms 
and establishments. In turn, policy makers, econo- 
mists, and other agriculturalists often use analyses 
based on establishment data to support policy ap- 
peals on equity and distribution grounds. For ex- 
ample, an aura of equity surrounds terms such as 
*'fair price," ‘‘parity,’’ and ‘‘cost of production." 
Focusing on operators tends to blend establishment 
and household information together. However, 
many people—including economists, at times— 
often overlook the economics of other households 
that provide resources to farming. And they also 
may neglect the nonfarm dimensions of operator 
households when facing policy questions involving 
equity. 

Regardless of the eventual decisions about ag- 
ricultural data, the conceptual framework pre- 
sented here may facilitate an understanding of gaps 
in our data as well as the limited ability of existing 
data to represent reality. 

Intellectually, a situation where establishment 
data is used in the 1970s and now in the 1980s as if 
they represented ‘‘one farm, one farmer, one farm 
household” farms is not satisfactory. Policy mak- 
ers, of course, bear a heavy responsibility for how 
they use information. But, in a larger sense, econ- 
omists and statisticians bear the greater responsibil- 
ity if they do not devise data and related research 
and analysis systems that are consistent with issues 
being addressed by society and policy makers alike. 


[Received November 1980; revision accepted 
July 1981.] 
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Farm Size, Tenure, and Economic Efficiency 
in A Sample of Illinois Grain Farms 


Philip Garcia, Steven T. Sonka, and Man Sik Yoo 


The analyses in this paper are an attempt to deter- 
mine if differences in economic efficiency can be 
discerned for two important structural dimensions 
of a sample of Illinois cash grain producers. These 
dimensions are size of operation and the degree to 
which the land input is owned by the farm operator. 
Such information can be helpful in the debate con- 
cerning the most appropriate economic structure 
for U.S. agriculture (General Accounting Office; 
Schertz et al.). 


The Model and Study Area 


The sample consists of 311 Illinois cash grain farms. 
Data were obtained from the Illinois Farm Business 
Farm Management Association (FBFM) records 
for the year 1977. Selected characteristics for these 
farms are presented in table 1. These farms were 
relatively homogenous in enterprise mix and had a 
useable data record in the FBFM system for more 
than one year. Obviously this is not a random sam- 
ple. However, selection of record-keeping farms 
has the advantage that the management factor 
should be more homogenous across the structural 
dimensions being evaluated. 

A major goal of the analysis was to determine the 
relative economic efficiency of moderate-sized 
commercial farms compared to larger-sized opera- 
tions. This can indicate the extent to which continu- 
ing expansion of midwestern cash grain farms is 
necessary to achieve economic benefits which can 
be transferred to consumers (Swanson and Sonka). 
It is also relevant because of the debate about the 
future viability of the ‘‘moderate-sized family 
farm’’ (Tweeten and Huffman). Hence, the sample 
of farms for this study was subdivided into (a) a 
smaller-farm category (less than 700 acres in size) 
and (b) a larger-farm group (more than 700 acres). 
Seven hundred acres was selected as a dividing 
point because Illinois cash grain farms larger than 
this size typically require in excess of eighteen 
months labor with current technology (Wilken and 
Kesler). The smaller farms, therefore, can be oper- 
ated using predominantly operator and family 
labor. Less than 2596 of the labor used on the 
smaller sample farms is hired labor, table 1. 
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Although economic efficiency is difficult to mea- 
sure, the unit profit function of Lau and Yotopoulos 
does provide an approach. The degree to which the 
firms differ in technical and pricing efficiency and 
the extent to which they are profit maximizers can 
be estimated with this technique. 

As shown by Lau and Yotopoulos, the value of 
this approach can be enhanced if input demand 
functions for the variable inputs are jointly esti- 
mated with the profit function. Therefore, the fol- 
lowing three equations are estimated using the 
seemingly unrelated regression method which ac- 
counts for the correlation in the error terms be- 
tween the profit function equation, equation (1), 
and the input demand functions, equations (2) and 


(3): 
(1) Lar = Lnf + B,D, + BjLnW 
+ B4LnCE + B,LnLS + ByLnFC 
+ BLnAC + B;LnPRODY + B4LnBA/CA 


5 
+ Y aeRDx te, 
k=l 


(2) — WL/TI = BD, + BoD, + ez, and 
(3) — CE/II = BuD, + BD, + es, 


where Il is variable profit per farm (output price 
times quantity produced minus labor costs and ex- 
penditures for other variable inputs); D,, smaller 
farm dummy variable (equal to 1 if farm size is less 
than 700 acres, 0 otherwise); W, monthly wage rate 
for hired labor per farm; WL, total wage bill for 
hired labor per farm; CE, cash expenditures for 
variable inputs per farm; L5, months of operator 
and family labor available per farm; FC, value of 
nonland capital available per farm; AC, acres per 
farm; PRODY, soil productivity index; BA/CA, 
ratio of soybean to corn acreage; RD,, regional 
dummy variable; D,, larger farm dummy variable 
(equal to 1 if farm size is greater than 700 acres, 0 
otherwise); o, and f are estimated coefficients; 
and e, is the error term for the jth equation. 

The standard profit function, consistent with a 
Cobb-Douglas production function, assumes that 
variable profits are a function of variable input 
prices and the level of fixed factors. In this analysis, 
hired labor and cash expenditure items (fertilizer, 
seed, fuel, pesticides, etc.) are regarded as variable 
inputs. Fixed factors of production are reflected in 
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Table 1. Selected Characteristics of the Sam- 
ple of Illinois Grain Producers: 1977 
Small- Large- 
Farm Farm 
Group Group 
Number of farms 259 52 
Average tillable acres 
per farm 459.9 940.3 
Average percentage of 
tillable acres in 
Corn 59.9 63.9 
Soybeans 39.2 34.8 
Percentage of total labor 
usage which is hired 20.9 41.8 
Cash expenditures per 
tillable acre $99.87 $101.13 
Value of nonland capital stock 
per acre $128.72 $117.49 





Source: Wilken and Kesler. 


the three stock variables (LS, FC, and AC). In past 
unit profit function studies, own-labor has been 
treated as a variable input. For the U.S. family 
farm, however, the operator's labor input should be 
regarded as a fixed input in the same fashion as 
machinery and buildings. Although operator labor 
has an opportunity cost, it can best be reflected as a 
stock variable in a short-run, profit-maximizing 
context. Thus, the labor inputs are divided into 
hired labor (a variable input) and operator labor (a 
fixed input). A pleasing offshoot of this formulation 
is that operator labor does not have to be valued 
since it becomes a stock variable expressed in phys- 
ical units. 

Because agricultural production is subject to 
considerable price and yield variability, additional 
variables (PRODY, RDy, BA/CA) are included in 
(1) to reflect their impact on unit profit for the 
cross-sectional data used. Because the profit func- 
tion is specified in a short-run context, the effect of 
soil productivity (PRODY) on profitability must be 
considered. With higher soil productivity, one 
would expect short-run profitability to be higher for 
any given level of input use. The index, which has 
been standardized for different soil types, is a per 
farm measure of productivity for Illinois crops 
(Fehrenbacher et al.). 

The regional location dummy variables (RD,) are 
necessary because of differing weather throughout 
Illinois. The six regional dummies used in this anal- 
ysis are consistent with the reporting districts of the 
Illinois Cooperative Crop Reporting Service. Farm 
profitability is influenced by output mix as well as 
efficiency in input usage. In the long run, the ability 
to select (on the average) the appropriate output 
mix is an important component of economic viabil- 
ity. However, for any given year, unexpected 
changes in the overall demand and supply situation 
may alter relative prices and result in levels of 
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profitability not related to economic efficiency. As a 
result, the ratio of the acreage of soybeans to the 
acreage of corn on each farm is included to account 
for unexpected changes in the relative prices and 
profitability between the two crops. Consistent with 
past use of the unit profit function approach, the 
dollar figures for variable profit, wages for hired 
labor, and cash expenditures are normalized by the 
price of output. Because the data in this study are 
reported on a calendar year rather than marketing 
year basis, the output price data from the actual 
farm records for 1977 could not be used to calculate 
variable profits for the 1977 crop. Instead the aver- 
age price received by all Illinois farmers for each 
crop in 1977 was used in estimating profits (Illinois 
Cooperative Crop Reporting Service). Annual re- 
gional price differences were not important in Il- 
linois. As the data base only provided information 
about expenditures for variable inputs, both price 
and quantity effects are captured in the regressions. 
Using total expenditures instead of input prices 
makes the expected sign of the regression 
coefficient unclear. Increases in the expenditure 
variable may result from increased prices or in- 
creased quantity usage or both. Higher input prices, 
ceteris paribus, result in lower profits. However, 
higher input usage will increase quantity produced 
and may generate higher profits. 


Estimation Results and Hypothesis Testing 


Prior to pooling the data, separate equations for the 
two size categories were estimated and the error 
terms tested for heteroskedasticity between equa- 
tions (Maddala). The null hypothsis of homo- 
skedastic error terms could not be rejected. In addi- 
tion, the profit function assumes the underlying 
production function for each group is identical up to 
a neutral efficiency shift parameter. Specifically, it 
assumes that the estimated coefficients are stable 
across equations. This hypothesis was tested by 
estimating separate equations and applying a test 
for the equality of the coefficients (Huang, O’Con- 
nor and Hammonds). Results of this test support 
the use of the profit function for examining relative 
economic efficiency.! 

Estimation results of (1), (2), and (3) are pre- 
sented in table 2 as Model I. In general, the signs of 
the estimated coefficients are consistent with the 
theoretical foundation of the profit function. The 
negative coefficient for hired labor is as expected 
but is relatively insignificant. The positive 
coefficient for the cash expenditures variable indi- 
cates that the input quantity effect appears to out- 
weigh the price effect. The most significant vari- 
ables are those associated with individual farm 
characteristics and regional impacts, i.e., acreage, 


! The computed F-value for this test was 1.02 compared to a 
critical value of F(13,279) = 1.76 at the 596 level. The hypothesis 
that the estimated coefficients are equal across equations is not 
rejected, 
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Table 2. Estimation of Cobb-Douglas Profit, 
Labor Demand, and Cash Expenditure Demand 
Functions for Illinois Grain Producers, 1977 





Model 1° Model II? 





Variable profit function* 


Ln fo —.093 .137 
(.056) (.569) 
Ds .025 .019 
(.042) (.042) 
LnW — 006 —.011 
(.033) (.034) 
Ln CE .100 .109 
(.052) (.053) 
Ln LS .004 .0004 
(.036) (.037) 
Ln FC —.009 .005 
(.027) (.028) 
Ln AC 958 925 
(.064) (.066) 
Ln PRODY .799 772 
(.095) (.097) 
Ln BA/CA —0.133 —0.134 
(.026) (.026) 
T — —.180 
(.083) 
RD, —.081 —.069 
(.050) (.052) 
RD, —.165 —.153 
(.041) (.041) 
RD, —,013 —.011 
(.032) (.083) 
RD, —.095 —.093 
(.032) (.032) 
RD, -477 —.175 
(.055) (.055) 
Labor demand function 
D, —.030 —.030 
(.003) (.003) 
D, . —.049 —.049 
(.006) (.006) 
Variable input demand 
function 
Ds —.584 —.586 
(.017) (.017) 
D, -.585 —.585 
(.038) (.038) 





* Model I is comprised of equations (1), (2), and (3). 
^ Model II is comprised of equations (5), (2), and (3). 
* Numbers in parentheses are standard errors, ` 


soil productivity, regional climatic conditions, and 
the ratio of soybean to corn acreage. As soil pro- 
ductivity increases, short-run profitability also in- 
creases significantly. The negative coefficient for 
the soybeans-to-corn ratio indicates that com was 
the relatively more profitable crop for the period 
considered. 

Two of the stock variables, operator labor and 
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nonland capital, were not statistically significant. 
This may reflect an excess supply of these inputs 
for many of the farms considered. The coefficient 
for land is positive and strongly significant. 

In order to test for efficiency between the two 
farm size groupings, a set of hypotheses are exam- 
ined with F-tests on restrictions placed across equa- 
tions. These tests are presented in table 3. First, the 
hypothesis of equal relative economic efficiency is 
examined by testing if B, — 0. (8, is the coefficient 
for the smaller farms dummy variable, D,, in equa- 
tion [1]). This hypothesis is not rejected indicating 
that the smaller farms are as efficient as the larger 
ones. 

Tests 2 through 5 in table 3 concern pricing 
efficiency for hired labor. Tests 6, 8, and 9 are for 
absolute pricing efficiency in variable inputs other 
than hired labor. Failure to reject these hypotheses 
implies that for either or both groups the marginal 
value product of an input is equal to its input price. 
In all three cases the hypothesis of equal absolute 
pricing efficiency is rejected. Because only expen- 
ditures data are available for the nonlabor variable 
input category, one would probably not expect 
either size grouping to display absolute pricing 
efficiency. The hypothesis that both groups display 
equal relative pricing efficiency (test 7) cannot be 
rejected. 

For hired labor, the hypothesis of equal absolute 
pricing efficiency for both farm size groups (test 2) 
is rejected as is the hypothesis of equal relative 
pricing efficiency (test 3). However, tests 4 and 5, 
which separately consider the possibility of equal 
absolute pricing efficiency for the two size groups, 
cannot be rejected. Thus, the results of these four 
tests seem to be contradictory. However, the stan- 
dard error on the hired labor coefficient in the profit 
function, £z, is relatively large. Therefore, the tests 
utilizing this coefficient are likely to have relatively 
little discriminatory power and should be corre- 
spondingly discounted. 

In addition to the above hypotheses, it is possible 
to examine for the existence of economies of scale. 
This should provide further insight into the rela- 
tionship between farm size and economic 
efficiency. If the sum of the coefficients of the fixed 
factors (i.e., By + Bs + Bs) is equal to one, then 
constant economies of scale exist (Lau and 
Yotopoulos). The null hypothesis was tested using 
a t-test. The r-ratio of —.713 indicates that at the .05 
level the null hypothesis of constant scale econo- 
mies could not be rejected for this sample of grain 
producers. 

In summary, the tests imply that the smaller 
farms appear to be equally as economically efficient 
as the larger ones. The two farm groups appear to 
be equally efficient with respect to relative pricing 
and efficient for variable inputs other than hired 
labor, but they do not display equal relative pricing 
efficiency for hired labor. The finding of constant 
economies of scale is consistent with equal eco- 
nomic efficiency for both groups. 


122 February 1982 


Amer. J. Agr. Econ. 


Table 3. Tests of Hypotheses for Sample of Illinois Grain Farms, 1977 


Computed F Ratios* 











Hypothesis (Degrees of freedom) 

Test 

Number Tested Maintained Model I> Model II* 
1 Bi = B-0 381 (1,915) .226 (1,908) 
2 B, = Bs = Bio 5.076 (1,915) 4.846 (1,908) 
3 Bo = Bio 9.399 (1,915) 9.399 (1,908) 
4 Be = Be Bs = B .584 (1,915) .362 (1,908) 
5 Ba = Bro Ba = Bio 1.856 (1,915) 1.432 (1,908) 
6 Bs = Bu = Bis 87.001 (1,915) 88.049 (1,908) 
7 Bu = Ba Bu = Bis .0002 (1,915) .001 (1,908) 
8 Bs = Bu 171.222 (1,915) 173.44 (1,908) 
9 Bs = Bir 124.837 (1,915) 126.385 (1,908) 
10 c=0 = = 5.269 (1,908) 





* Critical values for the F-test are: 3.84 at the 5% level with (1,%) degrees of freedom and 6.64 at the 1% level with (1,%) degrees of 


freedom. 
* Model I is comprised of equations (1), (2), and (3). 
© Model II is comprised of equations (5), (2), and (3). 


The 700-acre dividing point was selected because 
of the prior information that Illinois grain farms 
larger than this size would be larger than the typical 
single operator family farm (Wilken and Kesler). 
Hence, this criterion is useful for comparing eco- 
nomic efficiency on moderate-sized versus larger 
farming operations. Model (I) was also estimated 
using 500 and then 400 acres as the dividing point. 
For the 400-acre criterion, the sign and significance 
levels of most variables were similar to those in 
table 2. However, the finding of equal economic 
efficiency (8, = 0) was rejected. The coefficient 
was negative, implying that farms of less than 400 
acres were less economically efficient than the 
moderate and larger-sized farms greater than 400 
acres. The hypotheses of equal relative pricing 
efficiency for the two variable input categories also 
were both rejected. 

The influence of land tenure on efficiency also 
was examined. The test followed the method out- 
lined by Trosper. Let the variable T be gross in- 
come from land which is owned on each farm di- 
vided by total gross income from all land operated 
on that farm. The value of T can range from 0 to 1. 
The smaller the value of T, the greater the depen- 
dence on rented land. Following Trosper, we as- 
sume that the technical constants, B4, of the profit 
function for larger and smaller farms (i equals L for 
larger farms and s for smaller farms) are related to T 
as follows: 


(4) B4 = Ca, 


Where C. is the technical constant of the profit 
function for each group after correction for land 
tenure. The appropriate model (Model II) for es- 
timiating the impact of tenure then becomes 


(5 LnII = Lnf + cT + 8'D, + &LnW 
+ BiLnCE + B,LnLS + B4LnFC 
+ B&LnAC + B,LnPRODY + &LnBA/CA 


5 
t 5 a, RD, + £5, 
k21 


and equations (2) and (3); where 
B'i = Ln(B4/B.,). 


The estimated coefficients and related hypothesis 
tests of pricing and economic efficiency when land 
tenure is considered are presented in tables 2 and 3 
as Model II.? The magnitude of the coefficients and 
estimated test statistics change only slightly.? The 
negative sign of the coefficient on the tenure vari- 
able indicates that variable profits decrease as the 
proportion of owned land increases. Test 10 of table 
3, that c = 0, is rejected, further substantiating this 
relationship. Because of the intense competition for 
rental acreage and the major reliance on crop-share 
rental arrangements in this region, tenant farmers 
may be forced to strive for greater short-run profits 
on rental land. The long-run social consequences of 
such decisions may not be advantageous on land 
which is susceptible to erosion. 


Summary and Implications 


The results of this analysis suggest that for cash 
grain farms in Illinois, larger operations are no more 
economically efficient than moderate-sized farms. 


? Two observations were deleted from Model II because of data 
inadequacies relative to tenure. 

? The rratio under the null hypothesis of constant returns to 
scale is —.954. This hypothesis at the 596 level could not be 
rejected. 


Garcia, Sonka, and Yoo 


This indicates that farm expansion which proceeds 
beyond the size which can be efficiently operated 
with twelve to eighteen months of labor will not 
result in efficiency gains which can be transferred to 
consumers. An alternative view of these results is 
that firm growth to a larger size category, which 
may generate additional income for the farm 
operator, apparently comes at no loss in economic 
efficiency to society in general. 

The importance of land tenure on short-run, 
profit-maximizing behavior was also evaluated. Ten- 
ure appears to be an important factor in determin- 
ing short-run profitability. For the sample analyzed, 
the degree of land ownership by the operator was 
found to be inversely related to short-run profit 
maximization. 

The results of this analysis are not necessarily 
representative of U.S. agriculture or even Illinois 
crop farming in general. Rather, they are an attempt 
to evaluate the efficiency characteristics of a sam- 
ple of farming operations for two important struc- 
tural dimensions, farm size and tenancy. Because 
the basic data are drawn from farmers in a record 
system, the efficiency differences (or similarities) 
found for this sample are likely to be directly re- 
lated to the two structural dimensions. 

The findings of this research raise several in- 
teresting issues. In light of increasing concentration 
in the farm sector, the result that larger farms are no 
more economically efficient than moderate-size 
farms appears contradictory. An intriguing explana- 
tion involves the homogeneity of the sample's man- 
agement input. Participation in management ser- 
vices may permit all farmers regardless of size to 
act as efficiently in the short run. If so, additional 
extension and management programs which facili- 
tate producer decision making may have an appre- 
ciable impact on the structure of U.S. agriculture. 
Alternatively, the current secular movement to- 
ward larger operations may be influenced by the 
ability to market output, pecuniary economies of 
size on input purchases, credit and financial con- 
straints, and changing technology over time more 
than short-run productive efficiency. 

The finding that increasing the degree of rental 
acreage results in enhanced short-run profitability 
calls into question the ‘‘conventional widsom” of 
superior efficiency of the owner-operated farm 
(Rodefeld). Of course, tenancy has a long history in 
the cash grain-producing areas of Illinois and the 
bulk of farmers in this sample probably would own 
at least part of the land in their farming operation. 
Further research on this question, on the differ- 
ences between FBFM farms and the entire popula- 
tion of midwestern farms, to isolate the factors af- 
fecting productive efficiency and on the relationship 
between the short-run and dynamic aspects of the 
structural problem seems warranted. 


[Received May 1980; revision accepted 
June I981.] 
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Analysis of Fringe Benefits for Nonmetropolitan versus 
Metropolitan Employee Compensation 


Helen H. Jensen 


There has been little empirical research on nonag- 
ricultural labor markets and compensation prac- 
tices of firms located in nonmetropolitan areas. To a 
large extent the research on nonmetropolitan areas 
has focused on the farm and hired labor market in 
rural areas (Bryant, Bawden, Saupe). In part the 
lack of empirical research reflects the historical im- 
portance of the agricultural sector, and in part it 
reflects the relatively recent expansion of nonfarm 
employment in nonmetropolitan areas. A notable 
exception was the 1973 study of rural industrial 
development and labor markets conducted by the 
Center for the Study of Human Resources of the 
University of Texas (Marshall, Till). Increasingly, 
even farm families are depending on employment in 
the nonfarm sector (Jordan and Hady). 

Despite industrialization, nonmetropolitan wages 
remain below national industrial wages (Tweeten 
and Brinkman). Both Marshall's study and another 
study of four southern counties by Rungeling et al. 
find that employment is concentrated in relatively 
low-paying sectors. Both studies note that fringe 
benefits offered by rural employers are lower. 
Rungeling et al. conclude that ''the lack of fringe 
benefits is due no doubt to the almost total absence 
of unionism in these counties” (p. 36). The follow- 
ing study of national compensation’ practices in 
metropolitan and nonmetropolitan firms analyzes 
the differences between the two areas' labor prac- 
tices. While differences persist in the national data, 
factors in addition to unionism affect the level of 
fringe benefits. 

Total compensation paid for labor services con- 
sists of both money wages and fringe benefits. Most 
fringe benefits, such as paid leave, expenditures for 
social security and other retirement programs, un- 
employment benefit programs, and employer's con- 
tribution to group life, accident, and health policies, 
can be measured directly as a monetary payment 
and represent an increasingly important part of 
compensation. In 1966, they were 15.496 of total 
compensation; by 1974, 20.1% (U.S. Department of 
Labor). 
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The shift toward fringe benefits reflects underly- 
ing factors which have encouraged nonwage rela- 
tive to wage compensation, such as the untaxed 
status of the employer's contribution and an in- 
creased awareness of the possibilities for nonwage 
compensation. Employer-provided insurance pro- 
vides a good example of nonwage compensation, as 
its use is widespread though subject to considerable 
variation. The employer contributions to two other 
major types of fringe benefits, social security and 
unemployment insurance contributions, are fixed 
by law. 

The 1974 Bureau of Labor Statistics’ Employer 
Expenditures for Employee Compensation Survey 
(EEEC) shows most metropolitan and nonmet- 
ropolitan establishments provided insurance cover- 
age to employees. Eighty-nine percent of met- 
ropolitan establishments and 87% of nonmetropoli- 
tan establishments reported some type of health, 
accident, or life insurance payment. The level of 
employer-paid insurance varied considerably, 
though, with an average level of $343 per employee 
paid in metropolitan establishments and only $269 
paid in nonmetropolitan ones. The underlying dif- 
ferences are important for understanding the 
changes which are occurring in nonmetropolitan 
labor markets. 


Wage and Nonwage Compensation 


While workers may be able to substitute between 
money and nonmoney wages and evaluate total 
compensation, studies have shown workers to be 
relatively uninformed about obtaining, or even ac- 
curately valuing, the nonwage component (Mabry). 
In general, the observed level of fringe benefits of 
workers in a firm depends on both employer and 
employee characteristics and may be represented 
as f 


B, = f(Xy Xu), 


where B, is the level of fringe benefits in firmi, Xy a 
vector of variables representing characteristics of 
the firm, and X,, a vector of variables representing 
characteristics of the employees within the firm. 
Previous study of fringe benefits has focused on 
determining the influence of the level of earnings, 
firm size, unions, and worker preferences. As ex- 
pected, earnings, firm size, and unions have a posi- 
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tive effect on the level of expenditures for fringe 


benefits within a firm (Bailey and Schwenck, Gold- 


stein and Pauly, Oi). On the other hand, studies 
based on surveys of workers indicate that demo- 
graphic and attitude toward work variables are more 
important in determining the preferences for the 
level of fringe benefits than strict maximization of 
the total economic return from work would indicate 
(Lester, Farber). 

Stable differences in earnings persist across geo- 
graphically different labor markets, but the struc- 
tural aspects of labor markets' operation are not 


well explained (Hanushek). That metropolitan and 


nonmetropolitan labor markets differ is consistent 
with the arguments of labor institutionalists of the 
1950s who argued that structural differences in a 
labor market affect the level (and type) of compen- 
sation. Dunlop (p. 17) argues that common wage- 


making characteristics are determined within ''con-' 


tours''—Aa stable group of firms which have (a) simi- 
lar product markets, (b) similar source of labor, or 
(c) a common labor market organization. Certainly 
restricted (i.e., ‘‘costly’’) labor mobility between 
metropolitan and nonmetropolitan areas and a more 
homogenous nonmetropolitan labor force would 
foster the development of a more similar wage 
structure in nonmetropolitan areas. 


Empirical Analysis of Employer-Provided 
Insurance 


The 1974 EEEC survey provides information on 
employment and various forms of compensation for 
4,417 establishments in nonagricultural, private in- 
dustries. The survey has been conducted biennially 
from 1966 to 1976 and in 1977 and is the largest 
national survey of compensation practices. The 
1974 data were the most recently available at the 
time of this study. Although the EEEC survey cov- 
ered the private, nonfarm sector, a few agricultural 
firms were included. The survey identifies informa- 
tion based on the location’of the individual estab- 
lishment—not the corporate headquarters. Estima- 
tion of the compensation model uses these data for 
an analysis of differences between metropolitan and 
nonmetropolitan establishments in the amount of 
employer-provided payments for insurance. 

In the 1974 survey, 28% of the firms were located 
in nonmetropolitan areas. The mean pay in met- 
ropolitan establishments was $9,467 with an aver- 
age firm size of 697 employees, while in nonmet- 
ropolitan firms, the mean pay was $7,645 with an 
average firm size of 361 employees (including a few 
very large textile and other manufacturing firms). 

The dependent variable is the amount of em- 
ployer expenditures for combined life, accident and 
health insurance per employee. This itself is not a 
complete measure of the amount of insurance pro- 
tection purchased by employees, directly or indi- 
rectly through employers, though it does indicate 
the level of employer contribution to fringe ben- 
efits. m. : 
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Cost differentials in providing insurance between 
metropolitan and nonmetropolitan firms may ap- 
pear either in the price charged for a given level of 
insurance or in the actuarial (‘‘fair’’) value of insur- 


, ance. The variation in the price is reflected by the 


size of firm. The larger the firm, hence group, the 
greater the discount because of the lower marketing 
.and administrative costs of the larger group pur- 
chase. Variations in costs stemming from differ- 
ences in accident rates, life expectancy, or health 
care costs are accounted for by type of industry, 
organization, and occupation. Lower expected. 
losses would lower the cost of providing an equal 
amount of insurance. Lower costs of medical care 
do prevail in nonmetropolitan areas, though in addi- 
tion, employers generally provide less comprehen- 
sive insurance (Rungeling et al.). Thus, lower levels 
of employer-paid insurance reflect both lower cost 
and less comprehensive fringe benefits. 

Explanatory variables include both those related 
to establishment characteristics and those related to 
employee characteristics. All data were reported 
separately for the two types of employees: office 
workers and non-office workers. The types of in- 
dustry and geographic region in which the firm is 
located are represented by a set of binary variables: 
the reference (omitted) industry is manufacturing; 
the reference region is the North Central region. 
The firm size is measured by the reported average 
number of full time employees during the year. The 
degree of unionization is represented by a binary 
variable equal to 1 where over 5095 of the employ- 
ees were covered by a collective bargaining agree- 
ment, 0 otherwise. The average pay for an em- 
ployee is calculated by dividing the gross payroll by 
the number of employees. 

A set of interactions between the type of industry 
and union status permit picking up the joint effect of 
the type of industry and the degree of unionization. 
Historically, unions have been more important in 
some industries than others. The omitted group is 
manufacturing establishments that are not covered 
by collective bargaining. 

Ordinary least squares estimations of fringe ben- 
efit compensation for establishments in each of the 
two locations were compared using an F-test on the 
equality of the two regression equations (Kmenta, 
p. 373—4). The results from the analysis of the office 
and nonoffice workers within a firm appear in table 
1. Significant differences between the metropolitan 
and nonmetropolitan level of fringe benefits per 
employee appear consistently in the analysis at the ' 
.01 level of significance and indicate that the two 
areas should be examined separately. Establish- 
ments in the South, both in metropolitan and non- 
metropolitan areas, provide fewer fringe benefits. 


Industry 


Historically, some industries have provided more 
fringe benefits than others: manufacturing indus- 
tries relatively more; construction, agriculture, and 
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Table 1. Nonwage Compensation of Office and Nonoffice Workers 
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Office Workers Nonoffice Workers 

Variable Nonmetropolitan Metropolitan Nonmetropolitan Metropolitan 
Constant — 62.84 96.06**a —3.40 —84.62** 
Industry:* : 

Agriculture 71.47 —327.61** — 124.80 — 184.60* 

Mining 197.07** —66.62 —133.94** — 58.06 

Construction —25.01 =1.25 —157.85** -111.75** 

Transportation 36.87 —716.64** —4.41 —40.46 

- Wholesale trade —66.16 —62.03** —42.36 -1.43 

Retail trade . 66.34* 125.78** —46.81** —40.87** 

Finance, insurance 42.30* —96.91** 26.41 21.47 

Services —72.49** —181.30** —36.41 —67.59** 
Region:> 

South —96.92** .—85.81** —30.37** —61.47** 

Northeast - .36 —20.72 —5.44 —42.79** 

West 24.52 —12.04 .85 — 14.09 
Employees .1095** .0463** .0439** 0394** 
Employees? (000) —.0150** — .0022** —.0061** —.0021** 
Mean Pay (000) 49.12** 36.73** 20.73** 49.5]** 
Mean Pay* (000) —.00080** —.00039** — ,00016** — 00016 
‘Unione i 190.03** 29.64 160.49** 190.70** 
Agric. X union 0.00 0.00 78.27 0.00 
Mining x union 0.00 0.00 258.43** 71.16 
Construct x union —11.48 0.00 —29.53 76.31* 
Transport x union — 17.89 93.52 56.12 —81.29* 
Wholesale x union —36.66 64.60 86.84 —48.09 
Retail x union —23.84 —70.28 —95.43 —87.81** 
Finance x union 0.00 76.61 0.00 — 122.62 
Service x union —88.10 ' 23539 — 78.86 —123.45** 
Adjusted R? .34 .32 .62 .63 

N 1,098 2,952 1,007 2,421 
Fysasos = 2.62** Fass = 2.19** 





Note: Dependent variable is employer-paid expenditures for life, accident, and health insurance per employee. 


a Reference industry is manufacturing. 
* Reference region is North Central. 
* Reference union status is not under collective bargaining. 


4 Asterisks denote: *significant at the .05 level **significant at the .01 level. 


nonprofessional service industries relatively less. 
This is supported in the analysis, though some loca- 
tion differences do exist. In general, firms in man- 
ufacturing industries provide more fringe benefits, 
particularly for nonoffice workers. Till, in his study 
of industries located in the nonmetropolitan South, 
found that manufacturing industries led others in 
their increases to employment in nonmetropolitan 
areas between 1959 and 1969, Within the: manufac- 
turing sector, there were shifts toward employment 
in industries which manufacture electrical ma- 
chinery, transportation equipment, primary metals, 
petroleum and coal products, and rubber and plas- 
tic products. In a more detailed analysis of the 
EEEC data than is presented here, all of these 
industries (except electrical machinery) led other 
manufacturing industries located in nonmetropoli- 
tan areas in the level of fringe benefits provided in 
1974. 

Historically, the construction industry has had 
relatively lower fringe benefits because of seasonal 
work and lack of organization. Nonmetropolitan 


construction establishments do even more short- 
term and less regular contract.work than others do. 
They provide less nonwage compensation. 

. The relatively higher nonwage compensation of 
service industries in nonmetropolitan is consistent 
with more similar practices in the homogenous 
nonmetropolitan labor markets. That is, the level of 
fringe benefits is determined with reference to all 
other industries in the more cohesive ‘‘contour’’ of 
the nonmetropolitan labor market. 


Unions 


The effect of unions on employer-paid contribu- 
tions is large and positive, with the exception of 
metropolitan office workers, as has been noted in 
other studies (Kalachek and Raines, Solnick). 
Union members prefer more fringe benefits based 
on the demands of the older, more risk-averse 
union leaders (Farber). 

Among non-office workers, the specific industry 


Jensen 


has a significant impact on the effectiveness of 
unions in determining the level of employer-paid 
benefits as indicated by significant industry union 
interaction. In all cases except unions in the met- 
ropolitan service industry, the net effect of unions 
on the level of benefits is positive. For metropolitan 
workers, the manufacturing and construction 
unions are particularly successful in gaining higher 
payments. In nonmetropolitan areas only unions in 
mining establishments have a significantly greater, 
and large, positive effect on the level of insurance 
benefits, compared to others including manufactur- 
ing. Although being in the mining industry per se 
has a negative effect for nonoffice workers, after 
accounting for the strong positive effect of the 
unions within mining (union plus interaction) the 
net effect within the mining industry in nonmet- 
ropolitan areas on fringe benefits is positive 
(—$133.94 + 160.49 + 258.43 = $284.98), as ex- 
pected. The employer-provided health benefits are 
uniquely important in the mining industry. 


Firm Size 


The size of the firm has a significant and positive 
effect (though at a decreasing rate) on the level of 
fringe benefits. The consistency of the finding indi- 
cates that nonmetropolitan firms participate in the 
same market advantages that metropolitan firms do 
in obtaining group discounts. 


Level of Money Wages 


Higher paid employees have more insurance pro- 
vided because they have both higher costs asso- 
ciated with turnover (Oi) and also higher marginal 
tax rates on wages. The consistently positive, 
though nonlinear, effect of income on insurance 
payments supports this for all employee groups. 
Again, there are location differences, especially for 
nonoffice workers. The EEEC data show average 
mean pay to be lower in nonmetropolitan firms. 
Martin also notes that rural money wages tend to be 
lower than urban wages for the same job and skill 
level. However, real wages are more equal, to the 
extent that wage differences represent lower cost of 
living or compensation for other amenities in non- 
metropolitan areas. At a given money wage, 
nonoffice workers in nonmetropolitan areas receive 
lower fringe benefits than do those in metropolitan 
ones, indicating cost of living differences do not 
explain all of the differences. This is not true for 
office workers, where there is little difference in the 
effect of pay on the level of benefits. Hanushek also 
found between labor market variation in wages 
(both for SMSAs and non-SMSAs) to be smaller for 
college-educated workers. Both sets of results are 
consistent with the more educated workers' being 
in a national, more mobile labor market. 
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Summary and Conclusions 


The analysis of the nonwage compensation prac- 
tices of establishments supports the proposed 
model of nonwage compensation which accounts 
for firm as well as employee characteristics. Al- 
though the data do not permit greater insight into 
the microadjustments of workers, they do provide 
evidence that the employment markets in nonmet- 
ropolitan and metropolitan areas differ. The ability 
to explain nonwage compensation is better for 
nonoffice workers than for office workers. As ex- 
pected, the size of the establishment, manufactur- 
ing industry, the existence of union bargaining, and 
the level of wages all have a positive effect on the 
level of employer-provided insurance. Southern lo- 
cation has a negative effect. 

The underlying differences between the employ- 
ment compensation practices in nonmetropolitan 
and metropolitan areas provide evidence that the 
two labor markets are significantly different. While 
it is interesting to note the unique effects of specific 
industries in nonmetropolitan industries such as 
mining, in general, differences between the two 
areas are consistent with a more homogenous labor 
market in the nonmetropolitan areas. To the extent 
we are observing a labor market contour, we would 
expect to see thé nonmetropolitan areas continue to 
lag behind the average level of nonwage compensa- 
tion provided in metropolitan areas. 


[Received December 1980; revision accepted July 
1981.] 
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Predicting the Direct Benefits of a Food Price-Reporting 
or Preference-Changing Program 


W. H. Lesser and W. K. Bryant 


Along with the sharp retail food price increases of 
1972 came substantial public pressure to ''do some- 
thing” about them. The public perception appeared 
to be that the food industries, particularly the food 
retailers, were largely to blame. Possibly in re- 
sponse to this pressure, several government-spon- 
sored investigations of the food-retailing industry 
were begun, e.g., Joint Economic Committee, 
Council on Wage and Price Stability. These studies 
may have contributed to a long-term stabilization or 
reduction in retail margins (see Mueller), but the 
immediate effects were negligible. Thus, interest 
persists in finding some other approach to help con- 
strain retail food prices. 

An experiment conducted by Devine in Ottawa, 
Canada, in 1974 and 1975 suggested a possible 
course of action. This experimental public reporting 
of retail food prices was credited, among other 
things, with increasing consumer surplus by an es- 
timated $900,000 per month. This resulted in a ben- 
efit to society of $8,834 per month, after adjusting 
for losses to retailers (Devine and Marion 1979, p. 
235). These benefits are based on the aggregated 
indirect effects of price reporting—the area-wide 
decline in average food prices associated with in- 
terstore competition spurred by improved price in- 
formation. However, further savings will be 
realized by shoppers who switch fron relatively 
high to relatively low priced stores as a result of 
improved price information. These are referred to 
as the direct effects of price reporting. 

The report on the Ottawa study and subsequent 
replications of that experiment in the United States. 
and Canada gave little attention to the direct effects 
(e.g., Uhl, Boynton, Blake). Consequently, this 
study focuses on direct effects. In particular, we 
attempt to develop a simple and low-cost method 
for estimating, a priori, the direct effects of a price- 
reporting program in a particular market area. This 
method is then used to estimate the effects of alter- 
ing consumers’ store selection criteria as price ver- 
sus nonprice factors are emphasized. 

There are two principal reasons why an a priori 
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estimate of expected direct savings is of interest. 
First, where resources for operating price-reporting 
programs are scarce, the estimated direct savings 
can be used to rank market areas. Those with the 
higher estimated direct payoffs would be preferred 
for reporting programs. Ideally, area selection deci- 
sions also consider expected indirect savings. To 
date this has not been possible. The effects on aver- 
age food prices of price reporting during the exper- 
iments has been highly variable, and causal factors 
were incompletely explained (Uhl, Boynton, Blake, 
pp. 62-95). On the other hand, the direct effects 
have been found to be generally unaffected by price 
reporting. Uhl, Boynton, and Blake, in a study of 
four experimental price-reporting projects, found 
no significant effect on the level of price dispersions 
(pp. 3-35). Devine and Marion did report a substan- 
tial decline in dispersion in Ottawa, but there re- 
mains a question about how the results ought to be 
interpreted (1979, pp. 228-29; 1980, pp. 269; Lesser 
and Bryant, p. 268). The predictive value of the 
method discussed here nevertheless depends on the 
assumption that retailers will maintain relative price 
spreads following price reporting. While this as- 
sumption seems adequate if only a small, say 10%, 
portion of shoppers is informed, the effects of 
broader based programs remain uncertain until 
more definitive research results are available. 

Additionally, an estimate of the direct effects of 
price reporting would be of interest to groups who 
might consider a nonpublic information program. 
Such groups could include church organizations, 
homemakers’ organizations, program aides working 
with low income families, or even cable television 
subscribers. Where groups are small enough so that 
no store response is expected among retailers, the 
direct benefits to the participants approximates the 
total gross returns of the reporting program. 

Another approach to lowering consumers’ food 
expenditures is to enhance their price conscious- 
ness in store selection. This might be particularly 
appropriate for lower income families who underes- 
timate the potential long-term savings from careful 
price conscious shopping. Such programs could be. 
part of the Expanded Food and Nutrition Education 
Program (EFNEP) or of comparable public or pri- 
vate efforts. The method developed in this paper 
also might be used to determine expected benefits 
from these educational programs. 

The method involves two steps (a) identifying the 
lower price store(s) in a market area and (b) deter- 
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mining consumers' awareness of relative store 
prices and their store selection criteria. Shoppers 
were classified as informed or uninformed based on 
their knowledge of relative costliness among stores, 


and as price, convenience, or amenity shoppers. 


based on their stated store selection criteria. Condi- 
tional probabilities based on ex ante behavior were 
used to project price-reporting responses. The pro- 
cedures were developed through a pilot example 
with data from Ithaca, New York. Ithaca is a rela- 
tively small community and the major shopping 
center for a generally rural area with a 1979 county 
population of 22,500 households (Larson, table 36). 

Because of funding limitations pragmatic consid- 
erations rather than strict statistical sample design 
procedures guided data collection. Two sample-re- 
lated factors are particularly noteworthy. First, the 
basket of items used to determine the relative cost- 
liness of area food stores contained twenty-six 
items most commonly purchased by low to middle 
income shoppers, including seven meat items and 
relatively few dry goods.! This basket differs in size 
and composition from those used by Devine and 
Marion (1979) and Uhl, Boynton, and Blake. This 
may result in a different ranking of stores compared 
to rankings based on a larger market basket with a 
smaller share of meat items. Second, the consumer 
survey was conducted five months after the price 
survey. For the results to be valid, it is necessary to 
assume that relative store price rankings observed 
in summer 1978 remained constant through early 
1979. 

Two data sets were collected in the study area 
during 1978 and 1979. Relative store costliness 
rankings were developed from data on the twenty- 
six basket items collected from seven stores for 
twelve weeks during the summer of 1978. These 
prices were adjusted using consumer price index 
weights. A weighted market basket price was com- 
piled. Four chains operated multiple outlets in 
Ithaca. All branches of these chains were assumed 
to charge the same price for identical items. Several 
spot checks could not contradict this assumption. 
Random telephone interviews were used to collect 
data about consumers' knowledge of the relative 
costliness of area stores and about their store selec- 
tion criteria. A total of 127 questionnaires were 
completed during January 1979. Only interviews 
with the major food shopper of households who 
shopped predominately. in the Ithaca area were 
used. 


Estimating the Direct Effects of Price-Reporting 
and Preference-Changing Programs 


A plot of weighted market basket prices revealed 
that two stores, identified as C and D, were with 


! Items included in the market basket are: round roast, sirloin 
steak, chuck steak, pork chops, hamburger, chicken, hot dogs, 
eggs, milk, margarine, cheese, tuna fish, carrots, peas, Coca-Cola, 
frozen orange juice, sugar, flour, coffee, spaghetti, rice, corn 
flakes, cooking oil, powdered milk, white bread, and bananas. 
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only three exceptions the lowest priced in Ithaca for 
the weighted basket. In the subsequent analysis 
stores C and D are identified as the low or lowest 
priced stores. 

During the telephone survey, respondents were 
asked to (a) identify the store(s) they believed had 
the lowest overall prices for the items they buy, (5) 
list the store(s) they shopped at regularly, (c) iden- 
tify the reasons they shop at those store(s), and (d) 
provide their residence location and shopping travel 
route. These answers provided information about 
whether consumers (a) shopped at either of the two 
lowest priced stores, C and D, (b) could identify the 
lowest priced stores in the Ithaca market, (c) iden- 
tified price, convenience or amenity factors as 
paramount in their store selection, and (d) lived as 
close or closer to the low priced stores than the 
others. 

Each respondent was classified into one of six 
categories according to the following criteria. 
Shoppers who identified stores C and D as being low 
priced were classified as informed (J); others are 
considered uninformed (/). Those who mentioned 
a price-related factor ("saves money," ‘‘good 
prices,” ‘tads, '"'specials'") either first or second 
when describing why they selected their regular 
store(s) were classified as price shoppers (PS). 
Shoppers mentioning convenience (‘‘close,"’ ‘‘con- 
venient," ‘‘habit’’) or amenities (‘‘good quality,” 
"variety," ''good deli," ''nice cashiers’’) as the 
first two selection reasons were classified as non- 
price shoppers (PS). Finally, shoppers were 
classified as living ‘‘close’’ to a low priced store if 
stores C or D were located near their residences. 

Table 1 presents the results of the consumer sur- 
vey for the 127 completed questionnaires. Shoppers 
were classified according to where they shop, their 
level of price information, their store selection cri- 
teria, and their residence location. The data are 
presented as both frequencies and conditional 
probabilities. The frequencies may be used to de- 
termine, for instance, what portion of shoppers do 
not regularly patronize the low priced stores (59/ 
127 = 46.5%). Conditional probabilities, on the 
other hand, estimate the likelihood that an informed 
price shopper will shop at the lowest priced store as 
Pr[LP/I, PS] = .81. Here Pr refers to the probabil- 
ity of the event to the left of the slash occurring 
given that the conditions on the right hold. This 
allows estimation of the change in the probabilities 
of shopping at the lowest price stores given changes 
in information and price preferences, holding other 
factors constant. If a price shopper becomes in- 
formed via a price publication program, then the 
probability that he or she will shop at the lowest 
price store will increase by .95 — 0.0 = .95 if he/she 
lives close to a low price store and by .71 — 0.0 = 
.71 if not. However, if an uninformed, nonprice 
shopper becomes informed through a price publica- 
tion program, the probability that he or she will 
shop at a low-price store will increase by .71 — .1 = 
.61 if he/she lives close to a low priced store and by 
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Table 1. Frequencies and Conditional Probabilities of Shopping at Lowest Priced Stores 
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Note: 127 respondents, Ithaca, New York, 1979. 


.50 — 0.0 = .50 if not. As one would expect, the 
responsiveness to an information program is 
strongly related to consumer preferences about low 
prices in relation to other store attributes, and to 
residence location. 


Estimating Effects of Improved Information 


An important application of conditional prob- 
abilities is to estimate market shares of the lowest 
priced stores and how they might change. This is 
possible given the random. nature of the sample 
which, in the absence of response bias, gives an 
unbiased estimate of the market share of the lowest 
price stores. The low priced stores have a market 
share of 68/127 = 53.5% of all area shoppers. A 
price publication program can be expected to have 
the greatest effect on the 46.596 of all shoppers who 
currently do not use the low priced stores. Of these 
consumers, 49% (29/59) are classified as unin- 
formed. It is to this 23% (29/127) of all consumers in 
this market that a price publication program would 
be principally directed. 

Assuming that, once informed, the currently mis- 
informed price shoppers would behave like the cur- 
rently informed price shoppers, and the currently 
uninformed nonprice shoppers would behave like 
the currently informed nonprice shoppers, then 
6(.95) + 5(.71) + 9(.75) + 9(.50) = 20.5 sample 
consumers might be expected to switch to the low- 
est price stores as a result of a price information 
program. This implies the market share of the low- 
est price stores would increase from a preprogram 
53.5% to a post program (68 + 20.5)/127 = 70%, an 
increase of 16.5 percentage points or 31%. A mini- 
mum estimate of changes in shopping patterns fol- 
lowing price reporting would be to assume that 
once informed, only the uninformed shoppers who 
live closest to a low-price store would behave like 
informed shoppers. Under this assumption, 6(.95) 


= 5.7 sample consumers would shift to the lowest . 


price stores. Then the lowest priced stores' share 
would increase to (68 + 5.7)/127 = 58%, a positive 


change of 4.5 percentage points or an 8.4% in- 
crease. 

There are several reasons why these estimates 
might miss the true value. First, these results are 
based on an assumption of 100% efficacy in the 
price publication program. That is, all previously 
uninformed shoppers are reached and their percep- 
tions are changed. This is extremely unlikely for a 
public-reporting program because not all shoppers 
read local newspapers, watch local TV stations or 
listen to local radio programs. In practice, Uhl, 
Boynton, and Blake found that 38% of the shoppers 
were aware of an experimental newspaper price 
reporting program run for six to twelve weeks in 
eight cities (p. 110). In Buffalo, New York, only 
20% of area shoppers were aware of a retail food 
price range-reporting program that had been pub- 
lished in the major newspaper for seven years 
(Lesser). Of course if a price-reporting program 
were conducted within a small group, all partici- 
pants would likely be informed. 

Second, it is possible some shoppers incorrectly 
perceive interstore price differences to be greater 
than the true value. Once informed, they would 
shift from the low priced store to a higher priced 
store which offers lower shopping costs and/or 
greater satisfaction. This-could be called ‘‘reverse 
flow’’ due to price reporting. This effect is difficult 
to measure although it could include the entire 
share of the low priced stores. A likely subgroup for 
this reverse flow would be informed, nonprice 
shoppers not living close to the low priced stores, 
or, from table 1, 17/127 — 1396 of all shoppers. 

Third, and of greater consequence, is the possible 
misclassification of price shoppers as nonprice 
shoppers. This would happen if shoppers wrongly 
thought that all or most stores charge essentially the 
same prices for their market basket. This group 
may then have responded to our store selection 
question by mentioning convenience or amenity 
rather than'price. As a result, following price. re- 
porting, these latent price shoppers could act like 
informed price shoppers rather than informed non- 
price shoppers. Thus the post information probabil- 
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ity of shopping at a low priced store would increase 
from Pr(LP/I, PS) = .60 to Pr(LP/I, PS) = .81, 
which is an increase of .21. There are several rea- 
sons to expect that this effect would not be large. 
Our sample displays a relatively large- number of 
price conscious shoppers (43 + 11)/127 = 42.5%, 
table 1. This is substantially greater than the pro- 
portion of predominantly price consciorvs shoppers 
Observed in other studies (Skinner, Market Facts). 

Finally, the lowest priced stores were identified 
using a specific food basket. Since baskets and 
weights differ among shoppers, some fraction of 
shoppers may be improperly classified. Measuring 
the extent of misclassification would require com- 
paring store rankings over a range of baskets and 
weights. This goes beyond the scope of the current 
study. 

Assuming the points above are insignificant and 
the retailers’ response to price reporting does not 
change the price dispersions, the maximum direct 
savings to shoppers from a price-reporting program 
in Ithaca can be estimated using 


HS = XjAPr(P, — Poa), 


where HS is savings per household per weekly 
shopping trip; i is higher priced stores, A, B, E, F, 
and G; APr,, change in probability of shopping at 
store i following a price information program; P,, 
unweighted market basket price in store i; Pog, 
market basket price of stores C and D weighted by 
market sbare. If one week during the study period 
(27 July 1978) represents average weekly savings 
between stores, then HS = .111($1.40) + .136 
($1.13) + .138 ($—.35) + .079($.49) + .071($2.09) 
— $.4479. Expected savings are nearly 45g.per 
household per week giving estimated weekly sav- 
ings for the Ithaca market area of $10,000, or 
$500,000 annually. This estimate should be adjusted 
to reflect the portion of shoppers whose habits are 
changed by the program. The assumption that re- 
tailers' responses will not affect the spread among 
stores is potentially a strong one, but it is in agree- 
ment with much of the available empirical evi- 
dence. 


Estimating Effects of Preference Changing 


A further use of the conditional probabilities is to 
estimate the ability of educational programs to shift 
preferences away from other store attributes and 
toward low price. For uninformed nonprice shop- 
pers who remain uninformed but become price 
shoppers, the probability of shopping at the lowest 
price stores would either decline or not change (—.1 
or 0.0). In contrast, if informed nonprice shoppers 
become price shoppers in response to a preference 
shifting program, the probability would increase by 
.95 — .75 = .20 and by .71 — .50 = 21, respectively 
(depending on residence location). By changing 
preferences uninformed shoppers might search 
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more, becoming informed over time. However, the 
comparison between a preference-shifting program 
and a price information program is clear and ex- 
pected; a program which actually improves con- 
sumers' price information is a more effective pro- 
gram even though the programs overlap. 


Conclusions 


A simple and low-cost method has been introduced 
for estimating ex ante the direct effects of a retail 
food price-reporting program and a store selection 
preference-changing program. The procedure is 
purposely simple so that groups interested in apply- 
ing it may do so without prior analytical experience 
or access to electronic data-processing equipment. 
This process should be used in conjunction with 
other information such as concentration data on 
retail food stores in the study area, price spreads 
among stores, capacity utilization in the lower 
priced stores, and ease of access to these stores. In 
larger areas, where some stores are distant from 
many shoppers, relevant subshopping areas must 
be identified and analysis focused there. 

The application of this method to data from 
Ithaca, New York, gives some interesting and rea- 
sonable results even though there were several 
sample size and timing limitations. Further applica- 
tions will be required to verify the ultimate useful- 
ness of this procedure. 

Our results illustrate that programs for increasing 
information are preferable to programs for changing 
preferences. In fact, if improved price information 
changes latent price-conscious shoppers into active 
ones, then the preference for a price-reporting pro- 
gram is even stronger. 

We estimate that a price publication program will 
increase the market shares of identified low-priced 
Stores by 4.5 to 16.5 percentage points, depending 
on residence location. This estimate does not take 
into account that (a) the program will not inform 
100% of area shoppers, (b) some shoppers may 
rationally switch from low- to high-priced stores, 
(c) some shoppers may be improperly classified as 
nonprice conscious shoppers and (d) differences in 
individual shoppers' baskets and weights may have 
caused them to be misclassified. Point (d) is difficult 
to measure, while (b) and (c) lead to apparently 
modest changes in opposite directions. 

Our results suggest that, even in areas like Ithaca 
where many shoppers appear adequately informed, 
the potential gross direct payoff to a price-reporting 
program is rather large. Additional savings may 
occur via a general decline in area-wide food prices 
unless the price reports contribute to collusion 
rather than competition. Further substantiation is 
required before strong reliance can be placed on 
these results. In addition, further research is 
needed to better understand shopper uses of and 
responses to price information. Of particular rele- 
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vance is analysis of store selection criteria and the 
interaction between information and store selec- 
tion. These are tasks for economists. For local 
groups interested in price reporting, the method 
presented here may make it easier to estimate the 
payoff to a program, particularly a program geared 
to individuals whose demand for and use of infor- 
mation is known. 


[Received July 1980; revision accepted August 
1981.] 
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Engel Analysis with Lorenz and Concentration Curves 


B 


James R. Blaylock and David M. Smallwood 


Economic analysis of income transfer programs re- 
quires knowledge of how households with different 
incomes alter expenditure patterns as their incomes 
change. Classical demand theory, however, pro- 
vides little guidance for quantifying these income 
response parameters. Consequently, researchers 
have relied on statistical approaches to find func- 
tional forms which ‘‘best’’ describe the relationship 
between expenditures and income. The most com- 
monly used specifications (linear, semilogarithmic, 
and double-logarithmic) imply that the Engel (ex- 
penditure) elasticities are monotonically increasing, 
decreasing, or constant across the income spec- 
trum. However, serious errors may occur if actual 
elasticities do not adhere to one of these patterns. 

This paper utilizes a nontraditional approach, 
based on income and expenditure distributions, to 
estimate expenditure elasticities. The method 
places less emphasis on the mathematical specifica- 
tion of the Engel relation and allows for increased 
flexibility in elasticity patterns. The primary pur- 
poses of this article are to examine household in- 
come and expenditure distributions in order to de- 
duce the underlying Engel relationship and to mea- 
sure inequality within each distribution. When 
other relevant factors (e.g., prices) are held con- 
stant, the expenditure distribution on a commodity 
is directly related to the income distribution via the 
commodity's Engel function. 

A recently proposed technique for the estimation 
of Lorenz and concentration curves is employed 
(Kakwani and Podder). These curves are directly 
related to the cumulative distributions of income 
and expenditures. Expenditure elasticities and 
measures of income and expenditure inequality can 
be calculated from the estimated parameters of the 
Lorenz and concentration curves (Kakwani). Elas- 
ticities thus estimated are not constrained to be 
monotonic or constant across the income spectrum, 
and may vary across commodities. 

Related objectives are to (a) introduce a gener- 
alized functional form to describe the Lorenz and 
concentration curves, (b) compare estimated ex- 
penditure elasticities among three urbanizations for 
several food groups using U.S. data, (c) examine 
elasticity patterns within each urbanization, and (d) 
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examine inequality of food expenditure and income 
distributions for each urbanization. 


Lorenz and Concentration Curves 


The Lorenz curve relates the cumulative proportion 
of total income received to the cumulative propor- 
tion of population units, with units arranged by 
ascending level of income. Concentration curves 
relate the cumulative proportion of economic vari- 
ables other than income to the cumulative propor- 
tion of the population.! Thus, other factors con- 
stant, the Lorenz and concentration curves are di- 
rectly related to each other via the relationship be- 
tween income and the economic variable of inter- 
est. For example, given the income distribution and 
the Engel function for a particular commodity, one 
can easily derive the expenditure distribution for 
the commodity. Likewise, given the concentration 
curve for expenditures on a commodity and the 
Lorenz curve, one can derive the implied Engel 
function. The derivation of this relationship, using 
elasticities, is the subject of this section. 

Mathematically, Lorenz and concentration 
curves can be expressed conveniently in terms of 
the probability distribution function (PDF) and the 
first moment distribution function (FMDF) of in- 
come and expenditures, respectively. Assuming 
that per capita income, Y, is randomly distributed 
with probability density function f(Y), and mean mw 
then the PDF of income is defined as 


a) F(Y) = [oa 


and represents the proportion of the population 
units having income less than or equal to Y. The | 
FMDF of Y is defined as 


(2) FQ) = A/m) | fond» 


and represents the proportion of total income re- 
ceived by population units having total income less 
than or equal to Y. : 

The relationship between F(Y) and F,(Y) is called 
the Lorenz curve. À typical Lorenz curve is ABC in 
figure 1. The segment ADC, defined by F(Y) — 
F,(Y), is called the egalitarian line and represents 


' This definition of concentration curves (Kakwani and Podder) 
differs from the traditional definition by requiring an ordering of 
the population units by income rather than the economic variable 
of interest. 
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the special case of a uniform and equal income 
distribution across the population units. The extent 
to which the Lorenz curve deviates from the 
egalitarian line indicates the degree of income in- 
equality. 

À concentration curve is similar to a Lorenz 
curve. Assuming v,(Y) to be the implied but un- 
known Engel relation for the ith commodity and y 
to be the expenditure mean, then the FMDF for 
expenditure on the ith commodity, 


G) Fila] = (/49 | w0fod». 


is the proportion of per capita expenditure on the 
commodity by population units having total income 
less than or equal.to Y. The concentration curve for 
the ith commodity is defined by the relationship 
between F(Y) and F,[v,(Y)]. 

To facilitate estimation, coordinates of the 
Lorenz and concentration curves are redefined 
using a method outlined by Kakwani and Podder. 
This new coordinate system defines the curves in 
relation to the egalitarian line. Specifically, let B be 
any point on the Lorenz curve with coordinates 
[F(Y), F;(Y)] and define new coordinates, 


(4) 6 = [F(Y) + F.(Y)]/V2 and 
® = [F(Y) - F,(Y)]/V2. 
Hence, 6 represents the length of the line segment 


AD from the origin along the egalitarian line and 
represents the length ofthe line segment BD from B 


to the egalitarian line. This coordinate system re- - 


flects a 45-degree clockwise rotation of figure 1. 
The equation of the Lorenz curve in terms of 
and 0 can be written as E 


(5) $ = g(0), 
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Figure 1. Lorenz curve 
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where 6 varies from zero to V2. The first and 
second derivatives of ® with respect to 8 are 


(6) g'(0) = (u — Y)/(p + Y) and. 
(7) g"(6) = —(2V2)p2/Lf (ue + Yy]. 


The same coordinate transformation for the con- 
centration curves is i ` 


(8 — = {F(¥) + Fo (3)])/ V 2 and 
d$ = (FCY) E F[v,(¥)}}/-V 2. 


The general form of the concentration curve for the 
ith commodity in terms of the new coordinates is 


(9) P, = g,(6), 
with first and second derivatives defined by 
(10) $'((8) = [a — v(Y)]/L + v(Y)] and 
QD. (6) = [-2/V2] a? v'(Y)Y/ 
e LAY + vw (OY. 


The expenditure elasticity for the ith commodity 
is defined as 


m= (aE/oY)(Y/E), 


where E, is expenditure and Y denotes income. 


Using this definition and equations (6), (7), (10), 
and (11), the expenditure elasticity for the ith com- 
modity- (in terms of the Lorenz and concentration 
curves) is 


Ag" (OD + e' COPI — e'N 
iz'(e)1 * g' (6) [1 = 8(80]) ' 


If data on per capita expenditure for the ith com- 
modity-are grouped by income class, then equation 
(12) can be used to compute expenditure elasticities 
at the end points of each class (Kakwani). In this 
analysis the elasticities derived using the above 
procedures are conditioned on income and urban- 
ization. The effect of other variables is assumed to 
be minimal. However, this kind of analysis can be 
extended to other possible determinants of food 
expenditures such as race or region by data dis- 
aggregation. ` 

An additional benefit of this approach is that 
measures of income and expenditure inequality can 
be calculated conveniently using the estimated pa- 
rameters of the Lorenz and concentration curves. 

The most frequently used measure of inequality 
is the Gini coefficient. The Gini coefficient mea- 
sures the departure of the- Lorenz (or concentra- 
tion) curve from the egalitarian line. It is the ratio of 
thè area between the egalitarian line and the Lorenz 
(or concentration) curve and the total area under 
the egalitarian line. Since the area under the egali- 
tarian line is 4, this ratio is equal to twice the area 
between the Lorenz curve and the egalitarian line. 
In terms of the translated coordinate system, the 
Gini coefficient for income (or expenditures) is 


(12) m= 
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(13) GC = 2[ aco 

The indices may vary between 0 and 1 for income 
and between —1 and 1 for expenditure. Negative 
Gini ratios result from negative expenditure elas- 
ticities; the concentration curve lies above the 
egalitarian line because expenditures are higher at 
lower incomes than at higher incomes. A Gini 
coefficient of zero indicates perfect equality of in- 
come (or expenditures). A coefficient of one (or 
minus one for expenditures) reveals total inequal- 
ity. In this paper, the Gini coefficients are calcu- 
lated using Simpson's rule for numerical integra- 
tion. 


Model Development 


Equations of Lorenz and concentration curves have 
been derived traditionally from density functions of 
income and expenditure distributions, respectively, 
usually with poor results (Kakwani and Podder). 
The coordinate system illustrated in the previous 
section provides the basis for direct estimation of 
the Lorenz and concentration curves, once their 
mathematical form is specified. Then, from the es- 
timated parameters of the Lorenz and concentra- 
tion curves, corresponding expenditure elasticities 
and Gini coefficients can be calculated. 

Kakwani and Podder propose a functional spec- 
ification for describing relationships g(@) and e(6)) 
based on a modified Beta function. The Box-Cox 
(B-C) model we propose includes the Kakwani and 
Podder (K-P) function as a special case and gives a 
better fit to the data (Box and Cox). 

The K-P function for the Lorenz curve is 


(14) In($) = A + aln(6) + BIn(V/2 — 6) + e, 


where A, o, and B are parameters to be estimated 
and e is the equation error term. This general model 
also applies to concentration curves. Equation (14) 
can be estimated by ordinary least squares. 

The Box-Cox transformation for any positive 
variable W is defined as 


05) W” = (WY — 0/y, 
7 In(W) ; 


where y is an ünknown parameter. The model we 
propose for estimating the Lorenz curve is 


(16) P = A* + a* 0” + Bt (V2 — 6)9 + u, 


y #0 
y 0, 


where A, v, 5, A*, a*, and B* are parameters and u 
is the error term. Equation (16) asymptotically ap- 
proaches the corresponding K-P function as all 
transformation parameters approach zero. Thus, 
the B-C function allows added flexibility in deter- 
mining the appropriate degree of nonlinearity. The 
same functional specification as in equation (16) is 
used for estimating concentration curves. 
Equation (16) is nonlinear in the parameters and 
is estimated via maximum likelihood techniques. 
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The likelihood function, assuming a normally dis- 
tributed error term with zero. mean and constant 
variance, is 


(17) L= [] Oro expt- 01/200; 
x1 


- A* - ata — BVT- OPW, 


where |J|, the Jacobian of the inverse transforma- 
i N 

tion from &/” to’ ®, is equal to H $>- and the 
fl 


product, II, is calculated over all observations, N. 
After logarithmic transformation of equation (17), 
consistent and asymptotically efficient estimates of 
the parameters can be obtained via a nonlinear max- 
imum likelihood algorithm.? The likelihood func- 
tions of the concentration curves can be derived 
similarly. f 


Data 


The 1972-74 Consumer Expenditure Diary Survey 
(CEDS), compiled by the Bureau of Labor Statis- 
tics, is the source of data for this analysis. Since the 
CEDS survey covered a period of rapidly rising 
food prices, only the first year of the survey was 
used in an attempt to lessen price effects. However, 
within each year, the survey sample is nationally 
representative. These data were obtained from a 
cross-section of U.S. households reporting detailed 
information on purchases during a two-week period 
together with socioeconomic data: concerning the 
household units. Prior to this study, this data was 
extensively examined for reporting and coding er- 
rors and was edited into a convenient format (Buse, 
Mann, Salathe). 

The CEDS sample was partitioned into three 
mutually exclusive and exhaustive urbanization 
categories. These three subgroups are defined as 
(a) SMSA—population of 50,000 or more; (b) 
URBAN—population of between 10,000-50,000; 
and (c) RURAL —population of less than. 10,000. 
Separate analyses were performed on each urban- 
ization category. 

Annual income from all sources and weekly ex- 
penditures for food at home and away from home 
were used to analyze food expenditure/income dis- 
tributional relationships. Income and expenditures 
are expressed on a per capita basis to adjust for 
differences in family size and then aggregated into 
population percentiles arranged by income. 


? Approximate asymptotic standard errors of the parameters 
from the B-C model are obtained from the negative of the inverse 
matrix containing the second partial derivatives of the likelihood 
function. The standard errors reported in this paper are approxi- 
mate because it is not possible to compute the expected value of 
the elements in the information matrix. Hence, care should be 
taken in the interpretation of t-tests. The Davidon-Fletcher-Powell 
algorithm (see Powell) was used. 
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Empirical Results 


Parameter estimates and approximate standard er- 
rors for both the K-P and B-C specifications of the 
transformed Lorenz and concentration curves are 
reported in table 1. Only the SMSA results are 
included.? 

The likelihood ratio test is used to compare the 
K-P specification with the more flexible B-C exten- 
sion. This test is appropriate since the two models 
are nested: the K-P function is a special case of the 
B-C model when A, v, and 8 are zero. The test 
statistic, —2 times the logarithm of the likelihood 
ratio (defined as the ratio of the restricted [K-P] to 
the unrestricted [B-C] likelihood function), is 
asymptotically distributed as a chi-square random 
variable. Its degrees of freedom correspond to the 
number of independent parametric restrictions 
(three in this case) used to obtain the reduced or 
restricted model. Evaluation of the K-P and B-C 
functions involves comparing the calculated test 
statistics with tabulated values of the chi-square 
variable at the 0.01 significance level. The restricted 
specification is rejected for large values of the cal- 
culated test statistic. i 

The likelihood ratio test statistics are reported in 
table 2. The test results indicate that the B-C model 
provides a significant statistical improvement over 
the K-P model for all estimated Lorenz and concen- 
tration curves. Both the B-C and K-P:models pro- 
vide a good fit. However, the B-C model with its 
added flexibility performs better. 

Expenditure elasticities by urbanization and in- 


? Parameter estimates for all models discussed in this paper and 
an analysis for nine major food groups are available from the 
authors. 
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come are presented graphically in figures 2 and 3 for 
thé food-at-home and food-away-from-home cate- 
gories.* Illustrated in these figures are some of the 
diverse elasticity relationships that this model is 
capable of producing. These relationships may be 
increasing, decreasing, relatively constant, or non- 
monotonic across the income spectrum. 

Elasticity patterns vary considerably across ur- 
banizations and within each urbanization. The 
urban food-at-home elasticity increases up to about 
the $1,500 per capita income level and then mono- 
tonically declines. The rural and SMSA food-at- 
home elasticities increase gradually with income. 
The food-away-from-home elasticities for these two 
urbanizations increase monotonically but at a faster 
rate than the food-at-home elasticities. The food- 
away-from-home elasticities for the rural and 
SMSA groups are smaller across the entire income 
spectrum than the corresponding elasticities for the 
urban group. In general, it appears that urban and 
SMSA residents have a larger elasticity across the 
entire income spectrum for food away from home 
than do their rural counterparts. The opposite is 
true of food at home for per capita incomes of 
$3,000 or more. This may be influenced by location 
and travel considerations. 

In summary, considerable variation exists in the 
way residents of different urbanizations (and at dif- 
ferent income levels within a given urbanization) 
allocate additional dollars of income for food at 
home and food away from home. 

The Gini coefficients as calculated from the ac- 
tual observations and those estimated from the pa- 


* Jt is complex to calculate even approximate standard errors 
for elasticities in this highly nonlinear model. Hence, we do not 
test for statistical differences in elasticities across urbanizations. 





Table 1. Estimated Parameters: for K-P and B-C Models, SMSA 














Parameters 
- Log-Likelihood 
Curve (K-P) A. a B À v $ Value 
Lorenz 0.3755 0.8531 0.8508 0.0 0.0 0.0 628.83 
: (0.0007)* (0.0014) (0.0019) 
Food at home . 0.0607 0.8211 0.7087 0.0 0.0 0.0 603.89 
l (0.0009) (0.0125) (0.0114) 
Food away from home 0.3418 0.9273 0.9210 0.0 0.0 0.0 511.33 
(0.0029) (0.0064) (0.0077). 
-Parameters 
Curve (B-C) A* a* p* À v 6 
Lorenz — 1.2027 0.8894 0.9101- — —0.1981 — 0.2063 —0.1788 718.34 
. (0.0616) — (0.0245) (0.0265) (0.0640) (0.0510) (0.0500) 
Food at home — 1.5367 0.3474 0.3017 0.4410 0.4400 0.3509 610.49 
: (0.0678). (0.0300) (0.0424) (0.1493) (0.1371) (0.0806) 
Food away from home — 1.0915 0.6519 0.6436 0.1409 0.0123 0.0060 577.44 
à (0.1487) — (0.0200) (0.0173) (0.0504) (0.1439) (0.0147) 





* Values in parentheses are asymptotic standard errors. 
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Table 2. Chi-square Test Results, K-P Model versus B-C Model 








Curve National Rural Urban SMSA 
Lorenz 182.18 179.92 162.66 179.02 
Food at home 60.68 62.38 37.82 13.20 
Food away from home 211.40 135.30 147.88 132.22 
Critical value Xorg = 11.34 

as unequally distributed as income. Inequality in 

the distributions of income and food-at-home ex- 

0.3 mendi penditure appear to be approximately the same 
A M. — across each urbanization. Food-away-from-home 

0.2 SMSA expenditures were more equally distributed in the 
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Figure 2. Expenditure elasticities, food at 
home elasticity 


rameters of the B-C curves are presented in table 3. 
The Gini coefficients estimated from the B-C mod- 
els are quite close to actual values in all cases. This 
indicates that the B-C curves gave a very good fit. 

In all urbanizations, according to the Gini 
coefficients, income displayed the largest inequality 
and food-at-home expenditures showed the least. 
Food-away-from-home expenditures were almost 
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Figure 3. Expenditure elasticities, food away 
from home elasticity 


SMSA and rural groups than in the urban section. 

Percentage shares of income and expenditures as 
calculated from the actual data and B-C curves are 
presented in table 4. The estimated and actual 
shares are very close in most instances. This pro- 
vides further evidence to validate the fit of the B-C 
model. The share of income received by the poorest 
5% of the total population was approximately 0.6% 
and was lower than the percentage share of expen- 
ditures for any of the food groups. Conversely, the 
shares of income and food-away-from-home ex- 
penditures for the richest 5% of the population were 
approximately 19% and 16%, respectively. Further 
comparisons of percentage shares of income and 
expenditures received by various population sub- 
sets within and across urbanizations are possible 
with the data in table 4. 


Conclusions 


This paper has shown that elasticity patterns 
(as income increases) can be diverse and non- 
monotonic. The patterns found in this analysis 
could not be obtained from traditional methods of 
Engel analysis. 

Gini coefficients indicated that income and food- 
away-from-home expenditures were distributed 
more unequally across population groups than 
food-at-home expenditures. Also, food away from 
home was found to be more unequally distributed 
within the urban group than within either the rural or 
SMSA groups. Conversely, the pércentage shares 
of income and food-at-home expenditures by the 
poorest segments of the population did not vary 


Table 3. Gini Coefficients, Actual from Observations and Predicted from B-C Model 














National Rural Urban SMSA 
Actual Predicted Actual Predicted Actual Predicted Actual Predicted 
Income 0.4120 0.4122 0.4171 0.4236 0.4134 0.4141 0.4086 0.4084 
Food at home 0.0765 0.0765 0.0817 0.0823 0.0869 0.0869 0.0723 0.0725 
Food away from home 0.3654 0.3655 0.3584 0.3585 0.4098 0.4096 0.3460 0.3460 
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Table 4. Percentage Shares of Income and Expenditures as Calculated from Actual Data and 

















B/C Model 
National Rural Urban SMSA 
Actual Predicted Actual Predicted Actual Predicted Actual Predicted 
Income 
Poorest 5% 0.5777 0.5773 0.5213 0.5216 0.6329 0.6322 0.6143 0.6145 
Poorest 10% 1.7212 1.7439 1.6111 1.6148 1.9021 1.9028 1.8089 1.8100 
Richest 5% 19.3602 19.3687 19.3503 19.3517 20.0332 20.0475 19.3537 19.3467 
Richest 1096 29.9639 30.0011 29.4081 29.4100 30.0192 30.0203 29.9028 29.9181 
Food at home 
Poorest 596 4.0236 3.9425 4.1311 4.1481 3.4440 3.2335 3.9888 3.8792 
Poorest 10% 8.0371 7.9749 8.1347 8.4571 7.0104 7.0698 7.9282 8.1191 
Richest 596 6.7541 6.7027 7.1906 6.8130 6.9163 6.5373 6.5825 6.7975 
Richest 1096 12.7631 12.7676 12.9872 12.9416 11.8837 12.4169 12.5683 12.8878 
Food away from home 
Poorest 596 1.3315 1.1788 1.5140 1.1335 1.3202 1.2184 1.4348 1.3725 
Poorest 1096 2.6376 2.7168 2.9134 2.2855 2.2925 2.2855 2.9007 3.0407 
Richest 596 16.2458 16.2327 20.1745 19.6513 20.2452 21.1928 15.8272 15.6589 
Richest 1096 27.2676 27.2958 28.4696 28.6535 33.2497 32.8396 26.1645 26.0372 
substantially across urbanizations. The same was References 


true for the richest population subsets. 

In summary, several conclusions can be drawn. 
First, traditional methods for estimating Engel pa- 
rameters do not allow the flexibility necessary to 
characterize the varied elasticity patterns that were 
found in this study. This is important for policy 
analysis involving the impact of income transfer 
programs on population subgroups located at the 
extremes of the income distribution. 

Second, procedures outlined in this paper can 
yield information not directly obtainable from more 
traditional methods of Engel analysis. For example, 
Gini coefficients and income and expenditure 
shares are easy to calculate. 

Finally, the B-C model, while more complicated 
to estimate, is a significant improvement over the 
K-P function, especially in the tails of the distri- 
bution, for estimating Lorenz and concentration 
curves. 

[Revision July 1980; revision accepted 
June 1981.] 
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Causality Tests in Livestock Markets 


David A. Bessler and Jon A. Brandt 


Bivariate time-series models and related topics of 
exogeneity and Granger causal orderings have re- 
ceived much attention from economists over the 
last decade. Examples in the macroeconomic litera- 
ture include relationships between money and in- 
come (Sims 1972, Feige and Pearce), money and 
interest rates (Pierce), and wages and prices 
(Geweke 1975). In agricultural markets, research in 
this area includes the sorting out of leads and lags 
between farm, wholesale, and retail prices (Heien, 
Miller), acreage allotments and acreage supply re- 
sponse (Weaver), and alternative price quotes for 
eggs (Bessler and Schrader). 

The methods used in these studies are empirical 
because they allow the data to specify the dynamic 
relationship between two variables. Economic 
theory is used only to suggest the variables to be 
related. Often theory is ambiguous on the explicit 
lead-lag relationships between important variables 
and the variables themselves. In such cases, one 
can (or must) rely on strictly empirical methods. 
(Burks discusses the complementary relationship 
between empirical and theoretical methods in scien- 
tific investigations.) 

Agriculturalists interested in explaining producer 
behavior and forecasting livestock price and quan- 
tity movements have long grappled with problems 
of leads and lags. Attempts to explain. short-run 
movements in live cattle and hog inventories or 
slaughter levels using price variables have at times 
yielded unsatisfactory results. For example, short- 
run quantity response to price change was found to 
be negative for cattle (Nelson and Spreen; Myers, 
Havlicek, Henderson); however, a positive relation 
begins to appear with longer lengths of run. The 
theory of optimal investment under risk explains 
this type of relationship. That is, treating cattle as 

. both investment goods and as final products will 
generate the negative short-run response of quan- 
tity to price. Such theory, however, will not be 
explicit about the particular lead-lag relationships 
to be encountered. Most modern theories of deci- 
sion making under risk suggest that such lags are 
dependent upon subjective probabilities of individ- 
ual economic agents. If one is unwilling to accept 
the existence of a rational probability (following 
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deFinetti), then he will not be able to specify, 


‘a priori, the explicit leads and lags in a particular 


investment problem. One must look at the data and 
infer such relationships. 

. This paper examines the lead-lag relationships 
between livestock prices and various ‘‘causal’’ 
variables suggested by theory. It explicitly tests the 
exogeneity of cattle on feed, cattle slaughter, and 
income on live cattle prices and the exogeneity of 
sow farrowings, hog slaughter, and income on live 
hog prices. Although explicit dynamic multivariate 
models are not formulated, the paper's results do 
provide background evidence useful for their ulti- 
mate construction (Granger and Newbold 1977, 
chap. 7). 

This paper consists of three parts. First, methods 
for testing causality between two time-series vari- 
ables are discussed. Then these methods are 
applied to movements in livestock prices, livestock 
quantities, and income. Finally, the implications of 
the results for modeling and forecasting are dis- 
cussed. 


Inferring Causal Relations 


Following Granger, we can say that variable X 
"causes" variable Y, with respect to a given uni- 
verse including at least X and Y, if current values of 
Y can be better predicted by using past values of X 
than by not doing so—all other information in the 
universe (including past values of Y) being used in 
either case (see Geweke 1980, pp. 4-20). Whether 
or not this concept is consistent with formal defini- 
tions of causality offered.by philosophers of science 
is debatable. However, under certain restrictions 
and simplifying assumptions it does offer an empir- 
ically testable definition which has been useful in 
econometric modeling (Geweke 1980, p. 4). ~ 
Various procedures are used in applying the 
Granger criterion to economic time series. Pierce 
follows the two-step procedure briefly described 
here. Because many eocnomic time series are 
highly autocorrelated and, because inference based 
on simple regressions or correlations between such 
series can be misleading, each series is first 
prefiltered using a separate autoregressive inte- 
grated moving average (ARIMA) model. The inno- 
vations (residuals) from these ARIMA models are 
then cross-correlated with long lags. That is, the 
strength of the relationship between two time series 
is measured through cross-correlations of residuals 
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from prewhitened series. Denoting the estimated 
cross-correlation of the innovations of X, and Y,,, 
as ry, the procedure requires the calculation of rẹ 
at negative, zero and positive values of k. Negative 
values are used to study Y, leading X,, zero values 
to study the instantaneous relationship between Y, 
and X, and positive values to study X, leading Y,. 
Because individual estimated cross-correlations 
can be misleading Pierce (p. 15) suggests a 
portmanteau statistic to test the hypothesis that the 
cross-correlations are equal to zero at positive or 
negative lags. The statistic is based on the work of 
Haugh and is similar to the univariate test given in 
Box and Pierce. They suggest that the statistic 


m 
U = N x (rz)? 

k=l 
be tested against the chi-square distribution at m 
degrees of freedom (m being an integer large 
enough to include any suspected relationship, and 
N, the number of innovations in each series). For 
relatively large values of U, Pierce suggests reject- 
ing the null hypothesis of independence between 
the m innovations and, by extension, concluding 
that X causes Y. An analogous test of U can then 
be applied over negative values of k to test whether 
Y causes X. 


Sims (1977) has criticized the use of U as a test of 
one way causality by noting that prefiltering each 
series with separate ARIMA filters biases the test 
toward failing to reject the null hypothesis of inde- 
pendence more often than the a-level specified in 
usual tests suggests. The exact distribution of U 
under the null hypothesis, when feedback is pres- 
ent, is unknown. The Pierce test is applied in Bes- 
sler and Schrader, Miller, and Oliveria and Whit- 
taker.! 

As an alternative, Geweke (1980, pp. 31—47) 
suggests a test of the Granger definition which di- 
rectly utilizes ordinary least squares regression on 
levels of the series. That is, to test causality running 
from X to Y, one can use the following specifica- 
tion: 


p 
(1) Y, = yy) + X dyYi., + Ew 


i 
p g 

Q) ¥, = dao + 2 ügYo, + 5 bop Xin + E 
ei ps] 


where e,, and e,, are white noise residuals, ay and 
da; are parameters relating Y, and its lagged values, 
and b,, are parameters relating Y, and past values of 


t 
The direct Granger test based on (1) and (2) is 
equivalent to testing the following null hypothesis: 


! Bessler and Schrader also apply an additional test which has 
asymptotically valid significance levels. The results of their study 
indicate that for some series the Pierce test agrees with more 
proper methods. 
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by, = by =... = bg = 9, 


which can be carried out with the well-known 
Statistic, 
SSE, — SSE, SSE; 

pee eee ere / ee a 

q NS paged 
Here SSE, and SSE, refer to the sum of squared 
errors from ordinary least squares regressions on 
(1) and (2), respectively, and N is the number of 
time series observations on Y,. Under the null hy- 
pothesis, F* is distributed as F with (¢, N - p — q 
— 1) degrees of freedom. For suitably large values 
of F*, reject the hypothesis that X does not cause Y. 
À test of no instantaneous causality can be based 
on the residuals from equation (2) and those from 


p q 
(3) Y, = ax + 5 yY; + 5 by Xi + €n 
ful k=0 


where the symbols aa, b3,, and ej are defined as 
those in equations (1) and (2). 

The use of equations (1), (2), and (3) requires 
that one either chooses values of p and q large 
enough to remove substantial autocorrelation in the 
regression residuals or applies generalized least 
squares. The F-statistic can be seriously overval- 
ued (Granger and Newbold 1974) if substantial au- 
tocorrelation is present. One method for selecting 
values of p and q is to rely on a priori knowledge of 
possible leads and lags. Where such information is 
lacking, one can rely on the mechanical methods of 
Akaike (Bessler and Binkley apply them to uni- 
variate model building). 

Other causal tests of the Granger definition are 
available. The test described in Sims (1972)— 
involving a common prefilter—is valid but not often 
used. The selection of a proper common prefilter 
can be troublesome. When the original series are 
generated by substantially different ARIMA pro- 
cesses, then selection of one prefilter to remove 
adequately autocorrelation in both series may be 


impossible. An alternative specification of the Sims 


test which does not require prefiltering is given by 
Geweke (1980, pp. 31-47). Finally, Ashley, 
Granger and Schmalensee extend the Pierce pro- 
cedure by building bivariate transfer functions and 
testing causality with out-of-sample prediction. 
This extension gives tests which have asymptoti- 
cally valid significance levels. 


Application of the Direct Granger Test to Cattle 
and Hog Markets 


The Granger regression test is applied to 1963—79 
quarterly price and quantity data from U.S. cattle 
and hog markets. The bivariate relationships stud- 
ied in the cattle market are between cattle on feed, 
cattle slaughter, and consumer disposable income 
against cattle price. Similarly for hogs, bivariate 
relationships between sow farrowings, hog slaugh- 
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ter, and consumer disposable income against hog 
price are analyzed.? 

Dynamic relationships were specified by the data 
and not a priori reasoning. However, our prior ex- 
pectations listed in table 1 reflect both the biolog- 
ical lags inherent in the hog and cattle industries 
and economic theory. 

Sixty ordinary least squares regressions were 
calculated to test the causal relationships described 
in table 1. One-way causality tests [following equa- 
tions (1) and (2)] were performed at both low (p = 
q = 4) and high Jags. An upper lag of six was selected 
for all causality regressions except those involving 
cattle on feed. An upper lag of nine was used in the 
cattle on feed regressions. These upper lags were 
determined by the mechanical procedures of 
Akaike in Bessler and Binkley. All series except 
cattle on feed had minimum "'final prediction er- 
rors” at lags less than or equal to six. All regres- 
sions were symmetric in lags (p — q). This accounts 
for forty-eight regressions and the twenty-four 
F-statistics in table 2. An additional twelve ordinary 
least squares regressions were estimated [following 
equation (3)] to test for instantaneous causality. 
The F-statistics for these tests are given in table 3. 
The diagnostic Q-statistic of Ljung and Box is given 
for each test in tables 2 and 3. 

From table 2 strong one-way causal relationships 
run from sow farrowing to hog prices, income to 
hog prices, hog prices to hog slaughter, cattle price 
to cattle on feed and income to cattle prices. A 
weaker relationship runs from hog slaughter to hog 
price. 

Of interest is the relationship between hog prices 
and sow farrowings. At low lags (4) a very large 
F-statistic indicates strong one-way causality. 
However, the Q-statistic is large. The magnitude of 
the autocorrelation in this regression makes the re- 
liability of the F-statistic questionable. When addi- 
tional lags are included in the regression (the me- 
chanical method of Akaike suggested an autore- 
gression of lag six), the F-statistic drops drastically. 


? Data used are those described in Bessler and Brandt. 


Table 1. 
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The autocorrelation problems are also reduced. 

Another causal relationship of interest runs from 
cattle price to cattle on feed. Both lag lengths sug- 
gest a strong relationship. However the Q-statistic 
at lag of 4 suggests severe autocorrelation. It is 
interesting that there is no strong one-way relation- 
ship running from cattle on feed to cattle price— 
suggesting that this variable is not particularly use- 
ful as a leading indicator of cattle price. 

Turning to instantaneous causality results in table 
3, we find strong instantaneous relationships with 
all variables except between hog price and sow 
farrowings. While the F-statistic is large for the sow 
farrowing versus hog price relationship at lag 4, the 
associated Q-statistic is close to the 5% critical 
region. Given the results found in table 2, it is 
probably wise to rely more on the results with 6 
lags. Notice that the strongest instantaneous rela- 
sionships in both markets are between current price 
and current slaughter levels. Since it is difficult to 
store meat much beyond that interval, a single quar- 
ter, this result is not surprising. 

Some may find the strong instantaneous relation- 
ship between livestock prices and income difficult 
to accept, thinking that income should lead price, as 
suggested in table 1. This may be what is actually 
happening, but our three-month interval of observa- 
tion prevents its detection. Monthly or weekly data 
might establish such a lead, if it exists. 


Conclusions and Implications 


This study provides specific evidence on leads and 
lags of several variables in the hog and cattle mar- 
kets. This evidence agrees generally with a priori 
beliefs. The strongest evidence on leads and lags is 
from sow farrowing to hog prices and from cattle 
price to cattle on feed. This agrees with the conclu- 
sion by Nelson and Spreen (p. 124) that rising 
prices for as little as one quarter lead to lower 
marketings (and, by implication, more cattle on 
feed). In addition, a strong instantaneous relation 


Prior Expectations on Causality Direction and Time Lags for Six Bivariate Relations 





Related Variables and 
Expected Direction? 


Time Lags 





1. Sow farrowings + hog prices 


Sow farrowings should influence hog prices at lags of 2 to 3 quarters. 


Conversely, hog prices should lead sow farrowings at lags of 4 quarters. 


2. Hog slaughter +> hog prices 
3. Income — hog prices 
4. Cattle on feed +e cattle prices 


Hog slaughter and hog price should show instantaneous causality. 
Income should lead hog prices at short intervals. 
Cattle on feed and cattle prices should show causal relationships in both 


directions at both high and low lags. 


5. Cattle slaughter + cattle prices 
ship. 
6. Income —» cattle prices 


Cattle slaughter and cattle price should show an instantaneous relation- 


Income should lead cattle prices at short intervals. 








* Arrows indicate expected direction of causality between the variables listed in the first column. The one-way direction given for the 
income relations may, in fact, appear as an instantaneous relation, since our period of observation is one quarter. 
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Table 2. One-Way Granger Causality Tests on Hog and Cattle Prices and Related Variables 














Hogs Cattle 

Direction? Lags? F-Test* Q-Test! Direction® Lags^ F-Test* Q-Test? 
AP > SF 4 5.71* 61.9! CP CF 4 3.25* 74.3! 
HP > SF 6 2.05 30.7 CP > CF 9 10.63* 24.3 
SF — HP 4 3.48* 39.0f CF — CP 4 2.68* 15.0 
SF > HP 6 3.14* 17.5 CF > CP 9 1.37 14.8 
HP- 1 4 2.61* 12.3 CP—I 4 1.50 21.5 
HPI] 6 1.37 6.2 CPI 6 2.13 13.1 
1— HP 4 5.72* 52.6! I— CP 4 3.29* 26.2 
I —> HP 6 2.41* 29.2 I— CP 6 3.81* 18.8 
HP — HS 4 7.84* 38.5! CP > CS 4 98 37.3! 
HP > HS 6 4.64* 36.9 CP > CS 6 71 30.1 
HS — HP 4. 2.47 33.8 CS — CP 4 .84 22.0 
HS — HP 6 2.42* 23.0 CS — CP 6 1,22 16.6 





* Variable abbreviations are HP (hog price), SF (sow farrowings), J (income), HS (hog slaughter), CP (cattle price), CF (cattle on feed), 


CS (cattle slaughter). 


> Lags refers to the number of autoregressive terms in the vector autoregression. 

* F-test, Hy: Coefficients associated with the causal variable (left side of +) are equal to zero as a group. 

4 Ljung-Box Q-test; H,: residuals of regression have autocorrelations (taken as a whole) not different from zero. 
* Denotes F statistic above critical value at 5% level: Figs(4,59) = 2.53, F os(6,55) œ 2.27 and F o(9,52) ~ 2.07. 
t Denotes Q statistic above critical value at 5% level: x! (24) = 36.42. 


between hog and cattle slaughter and hog and cattle 
prices, respectively, emerged. 

Weak causal relationships were found running 
from hog prices to sow farrowings, from hog prices 
to income, and from cattle on feed to cattle prices. 
When strong noninstantaneous relationships are 
observed, information gains in modeling and fore- 
casting can be made by considering dynamic or 
feedback regression models. 

The results presented are significant because they 
show that some economic series are related as ex- 
pected. Heretofore, analyses with macroeconomic 
data utilizing similar methodology often has failed 
to establish strong economic relations where theory 
suggests they should exist. In summarizing a rather 
frustrating discussion, Pierce (p. 20) concludes: 
“‘Our belief is that while most likely there are very 
strong economic relationships between these vari- 


ables, they are perhaps inherently not verifiable, 
empirically, at least using recent period data on the 
U.S. economy. Our description of the situation may 
be summed up with the statement, 'The economy is 
a miserable experimental design.’ " While we con- 
cur with Pierce's summation, our results offer 
some evidence that certain sectors can yield ‘‘ex- 
pected’’ results—although not always. For in- 
stance, knowing the size of sow farrowings in quar- 
ters ! — 1 and t — 2 can tell us something new about 
hog prices in quarter t—something not known if we 
constrained ourselves only to past hog prices. Such 
information should not be disregarded. i 
While we find some relationships which are as 
expected, we find others which are not. Cattle on 
feed does not seem to lead cattle price. Hog price 
does not lead sow farrowings (at least not very 
strongly). Profits rather than hog prices probably 











Table 3. Instantaneous Granger Causality Tests on Hog and Cattle Prices and Related Variables 
Hogs Cattle 
Relation? Lags* F-Test* Q-Testt Relation? Lags^ F-Test* Q-Test? 
HP:SF 4 16.25* 33.8 CP:CF 4 .$0 16.9 
HP:SF 6 1.62 13.4 CP:CF 9 9.61* 13.6 
HP:I 4 10.48* 51.8! CP :I 4 16.86* 24.2 
HP:I 6 10.26* 20.7 CP :I 6 14.44* 14.9 
HP:HS 4 81.69% 26.1 CP:CS 4 51.30* 17.6 
HP:HS 6 35.10* 19.4 CP : CS 6 38. 58° 16.1 








a Variable abbreviations are: HP (hog price), SF (sow farrowings), I (income), HS (hog slaughter), CP (cattle price), CF (cattle on feed), 


CS (cattle slaughter). 


b Lags refers to the number of autoregressive terms in the vector autoregression. 

* F-test; H,: Coefficient associated with variable at lag of zero equals zero. 

4 Ljung-Box Q-test; Hy: residuals of regression have autocorrelations (taken as a whole) not different from zero. 
* Denotes F statistic above critical value at 596 level: F4,(1,58) = 4.00, Fios(1,54) = 4.02. 

f Denotes Q statistic above critical value at 596 level: x* (24) = 36.42. 
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would have been a better variable. Both price series 
show some weak evidence of leading income. 

This paper applies causality tests to data from 
hog and cattle markets. The analysis is performed 
without use of prefilters and a priori notions on 
leads and lags. We suggest that further applications 
of this procedure may yield fruitful results in other 
markets. 


[Received July 1980; revision accepted 
June 1981.] 
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On Information and Innovation Diffusion: 


A Bayesian Approach 


Gershon Féder and Gerald T. O'Mara 


Learning and information accumulation are hy- 
pothesized to play a major role in innovation diffu- 
sion. For instance, Hiebert argues that the probabil- 
ity distributions of new (and unfamiliar) technolog- 
ical parameters, as perceived by farmers, will shift 
over time due to learning and experience. Prob- 
abilities will be redistributed from lower to higher 
payoffs. This induces farmers to increase their use 
of the innovation, which was new seed varieties in 
the Hiebert model. 

The model presented by Kislev and Shchori- 
Bachrach introduces in the new technology produc- 
tion function an efficiency factor which is positively 
related to learning. It is approximated by the 
cumulative (over time) output produced with the 
innovative technology. As learning increases, the 
innovation becomes advantageous for more and 
more producers who then adopt it. 

In a similar vein, Feder and O'Mara construct a 
diffusion process where uncertainty about an inno- 
vation (high-yielding varieties [HY V]) depends on 
cumulative area allocated to HY V. This represents 
experience. With the accumulation of experience, 
uncertainty declines, and the innovation is adopted 
by an increasing proportion of producers. 

These models produce sensible (and empirically 
valid) hypotheses about the dynamics of innovation 
diffusion. However, the accumulation of informa- 
tion, which is the basic driving element in these 
models, is not treated explicitly. Thus, the use of 
cumulative output, or a cumulative input as an 
index of learning, while plausible, still requires 
formal justification. One possibility is a Bayesian 
learning process. Indeed, the work by O'Mara 
(1971, 1981) and. more recently by Lindner, 
Fischer, and Pardey have utilized Bayes theorem to 
, characterize an individual farmer's adoption behav- 
ior. 

The purpose of this note is to formulate an ag- 
gregative innovation diffusion model based on the 
assumption that individual farmers revise their be- 
liefs in a Bayesiàn fashion. 


Gershon Feder and Gerald T. O'Mara are economists at the De- 
velopment Research Center, World Bank. 

Views expressed in this paper are the authors' arid do not neces- 
sarily reflect those of the World Bank. 

The paper benefited from the valuable comments of two ref- 
eres. 


The Model 


The traditional technology provides an average 
profit of R dollars per acre. If the technology is 
familiar to farmers and has been available for some 
time, it is reasonable to assume that farmers know 
the true mean of R. 


Assume that the new technology is risky. Profits 
per acre cultivated with the new technology, say m, 
are normally distributed with mean pw and variance 
o*, and u > R. Farmers are assumed to be risk-neu- 
tral and believe the mean profit from the new tech- 
nology is normally distributed with mean m and 
variance &. Also assume that farmers know the 
variance of profits, o?, with the new technology, 
and that they modify their beliefs about u based on 
new information generated by observed outcomes 
on areas cultivated with the new technology by 
adopters in accord with Bayesian procedures. The 
assumption that farmers’ beliefs about u are nor- 
mally distributed is not at all restrictive if a is 
normally distributed. It is easily shown that if farm- 
ers' initial beliefs are completely diffuse (i.e., uni- 
formly distributed), and the underlying process is 
normal, then an application of Bayes Theorem in 
computing a posterior distribution, using new in- 
formation, will prose beliefs about p that are 
normal. 

Since o* is known, the initial beliefs about the 
variance of u, (6,7), imply an "equivalent sample 
size," n, associated with prior information, i.e., 


a) = gi/n,. 


Using the properties of conjugate prior distributions 
(Raiffa and Schlaifer, chap. 3).it can be shown that 
the mean and variance of uw at time rf are given 
respectively by 

A. . gn, 8,4,NA qma 
(2) m, Voi B, ANA. , 
9363, , 


2 — LLILÉÁ————— ny 
d PEE Pa NA C 
where f, is the sample mean of observations on 
the new technology generated by the adopters and 
observed in period t — 1, N is the total number of 
farmers, and A,_, is the proportion of farmers who 


have adopted the new technology in period f — 1. 
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For simplicity, assume that all farmers are the same 
size and that the information content of a farmer's 
own trial is the same as that of another farmer's. 
Also, all farms in the population are observable by 
all farmers. Hence, each farmer acquires the same 
information about the new technology in each time 
period, whether or not he is an adopter. These 
strong assumptions limit the generality of our re- 
sults. Define y, = 1/&*, and substitution in (2) yields 


NA. 


4 = y + ————, 

(4) Ye Yea o 

which upon recursive summation. becomes 
N& 

(5) Ye = Yo + = 2, Ae 


or equivalently, 





N 
6 /— wey) 
Similarly, (1) may be written as 
m M- N 
(7) TER = E. T vi Ti aALa- 


Defining z; = m,/6* and substituting in (6), one 
obtains after recursive peto 


(8) Bis mA. 


o cS 


Combining (6), (8), and (1) yields 
t-1 
nym, + N 2: THA, 


t= Zo t 


(9) 
ny + N > At 


i-0 


or in a continuous time formulation, 


n,m, + NI T(r)A(r)dr . 


(10) m) = 


3 


n tN Í A(r)dr 
o 


Given the assumption of risk neutrality, the condi- 
tion for adoption becomes 

(11) Em) = Ep) = m(t) = R. 

That is, the time of adoption for a given farmer 
occurs when the mean of his beliefs about u, the 
expected value of profits from the new technology, 
is at least as great as the return from the old tech- 
nology. However, m(t) depends not only on initial 
subjective beliefs (m,, o) but also upon a stochastic 
component from the realized observations on the 
process a(t), which is distributed N(u, a?) for all t. 
Hence, the realization 7(f) is also normally distrib- 
uted with expected value yw for all t. Accordingly, 
the expected time of adoption for a given farmer is 
given by the condition, 


nm, + Ne [ A(r)dr 


(21) E,m(t) = = R. 





HEN i A(r)dr 
o 
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This condition may be written, after some manipu- 
lation, as 


(1 m =R- al Gan f Aides m* (t). 


Thus, if a farmer is an adopter at time 1, his initial 
beliefs about the expected value of u must be at 
least as large as m*,(t). Assuming that initial beliefs 
about the expected value of u (i.e., m) are ran- 
domly distributed over all farmers with cumulative 
density function F(-), the expected aggregate adop- 
tion rate at time ¢ is 


(14) E, A(t) = Prob[m, = m*,(t)] 
= 1~ F[m*,(t)]. 


For simplicity, denote P(t) = E,A(t). It can be 
shown by straightforward derivation (utilizing equa- 
tions [13] and [14]) that 


(i) SPY vos 


(15) P 
(i SPY a O< 


As one would expect, the expected rate of adop- 
tion is higher at any time if the innovation is more 
profitable, ceteris paribus, and lower if the tradi- 
tional technology is more profitable. 

The expected rate of adoption at time zero is 
given by 


(16) 


It follows, therefore, that the expected rate of 
adoption at the initial stage does not depend on the 
innovation’s profitability (represented by a) but 
rather on the profitability of the old technology and 
the parameters of the distribution, F. Now, the 
distribution of initial beliefs is probably strongly 
affected by sources of information other than ob- 
served fields, such as the farmer's education and 
innate ability, sales promotion, word of mouth re- 
ports, extension, etc. The distribution of initial 
beliefs will also affect the expected rate of adoption 
later, but then there will be an additional factor— 
the difference in average profitability between the 
new and the old technology (u — R). 

Inspection of equations (14) and (13) verifies that 
the Bayesian learning process introduces the 


P(0) = 1 — F(R). 


B ; 
cumulative adoption rate [acer] as an element 


in the aggregate expected adoption function. Within 
the model’s context, this is equivalent to the inclu- 
sion of cumulative acreage (or output) with the new 
technology in the adoption function. Previous diffu- 
sion models have simply assumed such a relation- 
ship. These results serve as a theoretical justifica- 
tion for such an assumption. By differentiating P(t) 
twice with respect to time, one obtains, after some 
manipulation, 
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P(t) 


dr? = PO 


(17) 





= È (u — Ji : A(O[CF'Y — FAO], 


where A(t) is the actual adoption rate at time /. 
Clearly, 


(18) P(t) e 0as F z (F'Y/A(0). 


Now, P provides significant information about the 
curvature of the expected adoption rate function, 
P(t). If P > 0 initially, then P(t) will be strictly 
convex over that range. Similarly, if P < 0 after a 
certain time £, then P(t) will be strictly concave 

er that time. Thus, P(t) will have the sigmoid 
shape of a typical successful innovation diffusion 
process if P is first positive and then becomes nega- 
tive after some time ¢ (Griliches). The key to the 
change in sign of P is the behavior of F", the latter 
being the slope of the probability density function, 
F'(m,) = f(m,). Note that if F' has a smooth uni- 
modal shape, as in figure 1, then F" causes Pto be at 
first positive and then negative. That is, m*,(t) will 
move from the right to the left in figure 1. High 
values of m, will be the first to meet the condition 
m, = m*,(t), insuring that P is first positive and 
then negative. Clearly, the behavior of F" implies 
constraints on the distribution of initial beliefs if the 
adoption curve is to be sigmoid. For example, if F is 
a uniform distribution, then F" = 0 and the adoption 
curve is exponential. 


F'(mo)z fimo) 


F'(F'yIAG) 


Fr (FAI) 











Pio) 
4 P 
F"»0 F"«o 
Figure 1. Probability density function of mean 
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Conclusions 


This note has shown that, given our assumptions, 
the Bayesian learning process introduces the 
cumulative adoption rate as an element in the 
aggregate expected adoption function. This is 
equivalent to the inclusion of cumulative acreage 
(or cumulative output) in the adoption function. 
Previous models of diffusion have assumed such a 
relationship. These results serve as a justification 
for such an assumption. In addition, it was shown 
that Bayesian learning can generate a characteristic 
sigmoid-shaped adoption function for a dominant 
innovation. Although strong assumptions were 
made, this analysis constitutes a first step toward a 
more general theory of innovation diffusion. 


[Received February 1981; revision accepted 
June 1981.] 
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Estimation of Substitution Possibilities between Water 
and Other Production Inputs 


Frederick G. Babin, Cleve E. Willis, and P. Geoffrey Allen 


The traditional approach to measuring the demand 
for water by industries relies upon fixed water-use 
coefficients. Water supply planners base decisions 
about system expansion partly upon fixed 
coefficients applied to projected levels of industrial 
growth. Among the restrictive assumptions implied 
by this approach is that producers are generally 
unresponsive to the relative price of water com- 
pared with other factors. 

Earlier studies focused on industry-by-industry 
assessments of present and potential water use 
technologies and the possibilities for substituting 
other productive inputs for water. Most of these 
studies are economic engineering in form. 
Thompson and Young and Russell are analyses of 
the steam electric-generating industry and the pe- 
troleum refining and petrochemical industry, re- 
spectively. Because they used linear programming 
techniques, their results must be interpreted cau- 
tiously. 

The flexible functional forms which have become 
popular in recent years allow us to model produc- 
tion activities and to measure both input substitut- 
ability and complementarity. The most popular is the 
transcendental logarithmic (translog) function in- 
troduced by Christensen, Jorgensen, and Lau. It 
has been used in the specification of aggregate pro- 
duction functions in which natural resources are 
inputs (see Berndt and Wood, Humphrey and 
Moroney). It is the function we employ here. 

Using flexible functional forms to account for 
water use as a production factor has been limited to 
Grebenstein and Field. Using translog production 
and cost functions on a cross-section of pooled 
U.S. manufacturing data, they estimated partial 
elasticities of substitution and price elasticities of 
demand for water, labor, and capital inputs. Water 
and capital were found to be complements, while 
water-labor and capital-labor substitutability were 
discovered. The admitted major weakness of their 
analysis was the use of a single production function 
for the entire U.S. manufacturing sector. A second 
problem was the poor quality water price data used 
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in the study. The first issue is critical because the 
use of a single production function for all manufac- 
turing implies that all relevant industries will re- 
spond to a change in relative input prices in the 
same way. 

This study builds upon the Grebenstein and Field 
work by examining water use at the standard indus- 
trial classification (SIC) two-digit industry level and 
by employing improved water price information. 


Model - 


The translog form offers several advantages, includ- 
ing the ability to model production relationships 
with several inputs without imposing stringent con- 
ditions on the elasticity of substitution. It has been 
analyzed in depth in a number of places, including 
Berndt and Wood, Berndt and Christensen (1973) 
and Christensen, Jorgensen, and Lau. | 

The economic theory of duality implies that the 
production technology may be represented by the 
cost function (see Shephard). We chose to estimate 
the cost function rather than the production func- 
tion because of its relatively straightforward com- 
putational requirements and the comparative ac- 
ceptability of maintained assumptions (see 
Binswanger for an excellent discussion of these 
considerations). 


The four-input model used in this investigation 
includes capital services (K), water (W), produc- 
tion employees (P) and nonproduction employees 
(N) as factors of production. Thus the translog cost 
function, for a nonhomothetic ARE structure, 
can be expressed as, ; ; ue 


( In C 2 In & + &,ln Q ^ 36, In P, 
+ V&y«In Q)? + Z&,1n P,In Q 
+ X4XX6,1n P,ln P, 


where i,j — K,p,n,w, C is total cost, Q is output, P, 
are input prices, and the B, and 6, are the param- 
eters to be estimated. 

We proceed by assuming that the production 
technology is linearly homogenous. We may adopt 
either of two approaches: (a) the translog cost func- 
tion is an exact representation of the production 
technology, or (6) the cost function is an approxi- 
mation of the true technology. In the former case, 
parameter restrictions must be imposed to ensure 
that the translog function is itself linearly homoge- 
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nous. Following the latter approach, it should be 
noted that the approximation to a linearly 
homogenous production technology can be a cost 
function which need not be linearly homogenous 
nor even homothetic. Under this approach, the 
translog cost function can be interpreted as a 
Taylor’s series expansion in logarithms, and it fol- 
lows from Young’s theorem on the equality of sec- 
ond cross partial derivatives that symmetry exists 
automatically. In the former case, symmetry is a 
consequence of the law of production (i.e., cost 
minimization by producers). 

We therefore impose on our model the restric- 
tions of symmetry (8; = ôx, i #J, ij = k,p,n,w) and 
linear homogeneity (ZB, = 1, By = 1, Se = 0; 258, = 
0, &, = 0, i = &,p,n,w). The function can now be 
expressed as a translog unit cost function: 


(2) In C/Q =n & + ZA In P, 
$ Yr 2,5, In P, In P;. 


The estimating equations are share equations in 
which the dependent variable (Sj) is the ratio of cost 
of factor i to total cost for each industry and state. 
Because of the identity 2,5; = 1, only three of the 
share equations are independent, and hence we es- 
timate equation (2) with the above restrictions 
through the three share equations: 


(3) S, = B; + Zji&ydn(P/P,) + ti, 


where i,j = k,p,n. The reduced disturbance vector 
(with S, removed) is assumed to be independently 
and identically multivariate normally distributed 
with a mean vector zero and a constant nonsingular 
covariance matrix. 

Constant output own- and cross-price elasticities 
of input demand were derived to show the relation- 
ships among inputs. These estimates were calcu- 
lated as 


Sty + S*S* 
4 geet u 
(4) g S7, 
and 
(5) € Stu + SM — St, 


where S*,and S*,are fitted cost shares calculated at 
the means of the respective independent variables 
and 8*, and 6*, are the parameter estimates. 


Variable Specification 


Because the relationships between cost shares of 
production factors and their prices form the basis of 
the estimating equations, data on input quantities 
and prices were needed to generate the cost share 
information. Except where noted, data were for 
two-digit SIC industries by state for 1973. Industry 
groups analyzed (and their SIC code) were food 
and kindred products (20); paper and allied prod- 
ucts (26); chemicals and allied products (28); stone, 
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clay, and glass products (32); fabricated metal 
products (34); machinery except electrical (35); and 
electric and electronic equipment (36). One set of 
estimations, reported below, pooled these data 
under the restriction that the parameters were iden- 
tical across industries. The dependent variables 
(Sks Sp, and S,) were defined as the ratios of the 
total cost of the particular input in a given industry 
and state to the total cost for the industry in that 
state. In turn, the denominator was calculated for 
each industry and state as the sum of total payroll 
plus the capital service price multiplied by quantity 
of capital plus water price multiplied by water 
utilized. 

The price of water in each state was calculated 
from data published by the American Water Works 
Association in 1972. Data on quantities and reve- 
nues for various water utilities permitted the com- 
putation of an average price within each state. 
These price data are an improvement over the Greb- 
enstein and Field data, which were regional aver- 
age prices. Like Grebenstein and Field, we were 
unable to develop a marginal price. Data limitations 
also forced us to assume that the price levied by 
public and private water supply agencies was a 
useful shadow price for water produced directly by 
firms. If this is untrue, our estimations may be 
biased. 

The price of capital used in the estimating equa- 
tions was its service price. Christensen and Jorgen- 
sen provide the formula for calculating this price 
series (investment tax credit was assumed to be 
0.07 and the rate of replacement 0.13), Lack of 
published data on capital stock for the year in ques- 
tion forced us to use the perpetual inventory 
method (Christensen and Jorgensen) to estimate 
the value of capital stock, beginning with published 
capital stock data for 1964 and building to 1973 
using annual capital investment figures published in 
the Annual Survey of Manufacturers. 


Empirical Results 


Following Griffin and Gregory, Field and Greben- 
stein, and others, we have used the iterative Zellner 
efficient procedure for estimating the parameters of 
the share equations. The Zellner technique 
explicitly takes into account nonzero covariances 
of the errors of one share equation with another by 
transforming the equations to obtain a zero 
covariance and minimizing the trace of the trans- 
formed residual covariance matrix. Iterating the 
Zellner efficient procedure until convergence pro- 
duces results equivalent to maximum likelihood es- 
timates which are invariant to the choice of share 
equation omitted. These parameter estimates for 
the seven SIC industry groups plus the pooled data 
set are shown in table 1. Standard errors for the 
derived parameters (Bo, Sy, and 8,,) were calcu- 
lated as outlined in Kmenta (pp. 443-4) and Klein 


- (p. 258). The parameter estimates show consider- 
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Translog Cost Function Parameter Estimates 


Table 1. 
Parameter 


0.103 (.003) 


0.104 (.004) ` 


0.543 (.011) 
. 0.351 (011) 


Machinery f 


0.101 (.003) 
0.623 (.005) 
0.274 -(.006) 
0.002. (.005) 
0.031 (.024) 
. 0.003. (.027) 


—0.037 (:034) 


0.271 (012) ^ 
0.356 (.010) 


0.183 (.004) 


' 0.484 (.008) 


Pooled | 


0.175 (.005) 





dated sdsssdadad 


0.558 (.018) 
0.336 (.017) 
0.003 (,010) 
"0.121 (.020) 
0.008 (1032) 

—0.132 (.039) 
0.003 (.008) 


0.304 (.190) 
—0.312 (.180) 


0.000 (.030) 
0.448 (1179) 


—0.004 (.009) 


0.001 (.012) 


—0.085: (.045) 
—0.001 (.006) . 
0.341 (.106) 
0.63 


—0.380 (.103) 
0.052 (.007) 


0.099 (031) - 

` —0.013 (.033) 

- 0.368 -(.119) 
0.097 (.010) 

—0.148 (.004) 


0.002. (.010) . 


0.003 (.010) 
0.109 (.063) 
—0.115 (.066) 
(.080) 

.000) 

002) 


. 0.003. (.004) 


1 


0.210 (.009) 
0.93 ` 


0.545 (.009) 
0.238 (.007) 
0.007 (.008) 
0.141 (.057) 
—0.037 (.027) 
0.150 (.021) 
—0.114 (.017) 
0.001 (.002) 
"0.209 (.026) 
0.002 (.004) 
0.004 (.007) 


—0.097 (.036) 
—0.007 (.005) 


0.079 (.012) 
-0.061 (.114) 
0.060 (.070) 
—0.078 (.114) 
0.037 (.082) 
—0.073 (.090) 
—0.024 (.020) 
0:151 (.154) 
0.000. (.030) 
0.067 (.082) 
0.50 - 


0.294 (.015) 
—0.043 (.025) 


0.199 (.007) 
0.052 (.009) 
0.058 (.063) 

—0.025 (.045) 
0.015 (.044) 
0.010 (.020) ` 
0.060. (.054) 
0.023 (.014) 
0.015 (.010) 

0.59 


—0.048 (.019) 
0.113. (.047) 


—0.098 (.039) 


0.220 (.010) 
0.528 C011) © 


0.317 (.008) 
0.016 (.007) 
0.035 (.026) 

—0.051 (.024) 
0.007 (.030) 
0.009 (.009) 
0.013 (.049) 
0.064 (.047) 

0.026 (.003) 

—0.072 (.061) 
0.001 (.003) 
0.016 (.005) 


0.21 


t 


0:517 (.007) 
0.284 (.005) - 
0.024 (.006) 
0.064 (.028) 
0.023 (.020) 
—0.059 (.023): 
—0:028 (.008) 
0.085 (.027) 
—0.123 (.019) 
0.015 (.008) 
* 0.181 (.029) 
0.001 (.008) 
0.012 (.010) 


Pseudo Rt 


0.65 


0.33 


Note: Asymptotic standard error estimates are in parentheses. 
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able.variation among the individual industry groups 
and the pooled data set. Also, the explanatory 
power of the different data subgroups varies 
widely. The system of cost share equations with 
pooled data produced a pseudo R? of 0.33, while in 
the stone, clay; and glass products sector (SIC 32), 
the equations yield a pseudo R? of 0.93. This statis- 
tic is calculated as: 1 — -R,/R,, where R, is the 
determinant of the estimated residual covariance 
matrix of, the unconstrained model, and R, is that 
determinant when all of the slope coefficients are 
constrained to be zero. It collapses to the conven- 
tional. R* when there is a single estimating equation 
(Berndt, Field and Grebenstein). 

Some insight into changes in factor utilization 
likely to result from relative price. changes is pro- 
vided by the estimated price elasticities of demand, 
table 2. Estimated own-price elasticities of demand 
generally carry the expected negative sign. They 
are positive for SIC groups 35 and 36, implying that 
the estimated cost functions are not concave in 
input prices over the data range. However, the 
standard errors are quite large in these cases, so 
that the elasticities are not significantly different 
from zero. l ! 

The differences among sectors also are striking. 
For example, the estimated relationship between 
capital and water is complementary in three sectors 
and in the pooled model. However, these two in- 
puts appear as substitutes in sectors 20 (food and 
kindred products), 34 (fabricated metal products), 
and 36 (electric and electronic equipment). While 
the estimated relationship between capital and pro- 
duction workers shows substitutability for all sec- 
tors, their magnitudes and standard errors vary 
considerably. Accordingly, the appropriateness of 
pooling these sectors was tested. This test for pool- 
ing in estimation of share equatións with iterative 
Zellner efficient procedures was suggested by 
Berndt and Christensen and has been used by 
Griffin and Gregory and others. It involves calculat- 
ing the change in the weighted sum of squared re- 
siduals from imposing the restrictions divided by 
the number of restrictions. This quotient is then 
divided by the ratio of the weighted sum of squared 
residuals for the unrestricted model to the number 
of residual degrees of freedom. The resulting test 
statistic is distributed, asymptotically, as F with the 
usual degrees of freedom. The calculated F statistic 
of 19.10 rejects the hypothesis of equal parameters 
across sectors at the 195 level (the critical value of 
F, with 54 numerator and 541 denominator degrees 
of freedom, is approximately 1.5). 


Summary and Implications 


From the individual sector estimates, it appears 
that changes in the price- of water will have little 
effect on the usage of other inputs. However, the 
converse is not true, as indicated by the.¢,, values. 
For example, a 1% rise in.the price of water. would 
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Table 2. Price Elasticities of Demand for Factors of Production 
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Industry Group 





Fabricated ' 








Price Food and Paper and Stone, Clay, Electric and 
Elasticity Pooled Kindred Allied Glass Metal Machinery Electronic 

xk —0.46 (.0157) —0.63 (.142) —0.52 (281) -—0.13 (041) 0.10 (.238) 0.05 (.296) 0.27 (.194) 
Epp —0.32 (.052) —0.49 (.101) —2.58 (.089) —0.18 (.039) -0.02 (.101) 0.17 (.195) 0.11 (.546) 
Enn —0.08 (.102) —0.91 (.193) —0.50 (.273) 0.13 (.112) -0.15 (.291) 0.40 (.340) 0.66 (1.328) 
Eww . —0.56 (.104) 0.14 (.125) —0.66 (.200)  —0.38 (.080) —0.41 (.206) 0.14 (.282) 0.54 (.604) 
Exp 0.64 (.112) 0.21 (.131) 4.14 (.201) 0.37 (.124) 0.65 (.268) 0.41 (.315) 0.64 (.310) 
xx —0.05 (.129) 0.35 (.164) 0.26 (196) —0.21 (.166) —0.09 (.337) -0.46 (.430) —0.94 (1.278) 
Exp —0.14 (.045) 0.06 (.049) —0.16 (.085) -0.03 (.023) 0.03 (.099) -0.01 (.057) 0.03 (.029) 
Epk 0.22 (.039) 0.08 (.049) 1.76 (.085) 0.15 (.050) 0.11 (.043) 0.08 (.061) 0.34 (.014) 
px 0.45 (.037) 0.45 (.097) 0.01 (.074) 0.02 (.031) 0.09 (.106) —0.35 (.190) -—0.22 (.560) 
Epe 0.05 (.016) —0.04 (.006) 0.07 (.038) 0.01 (.004) 0.01 (.006) 0.10 (.013) 0.00 (.000) 
Enk —0.03 (081) 0.20 (.095) 0.30 (.223) —0.20 (.155) —0.03 (124) —0.14 (.129) —029 (.391) 
Erp 0.81 (.067) 0.69 (.148) 0.03 (.197) 0.05 (.073) 0.21 (.240) -0.54 (.294) -0.37 (.925) 
Enw 0.03 (.028) 0.02 (.009) 0.17 (.071) 0.01 (017) —0.02 (.000) 0.07 (.029) -0.01 (.012) 
Ek —1.11 (.356) 0.82 (.635) —0.71 (.373) —0.92 (.785) 1.90 (6.012) —0.26 (3.015) 1.48 (1.379) 
Exp 1.18 (.356) —1.35 (.212) 0.73 (.393) 0.76 (.314) 2.43 (2.405) 18.02 (3.518) 0.56 (.000) 
En 0.33 (.356) 0.39 (.212) 0.64 (.275) 0.55 (.628) —3.93. (.000) 8.90 (5.025) -1.50 (1.839) 








Note: Asymptotic standard error estimates are in parentheses. These were calculated as var(e*y) = var(6*,;)/S™,. 


result in a 0.1696 drop in the use of capital for the 
paper and pulp industry (SIC 26). Such a small 
response makes sense because of the relatively 
small cost share of the water input. On the other 
hand, a 196 rise in the cost of capital services for the 
same industry would lead to a 0.7196 reduction in 
water use. : 

An important result is that one cannot assume 
that the industries studied here can be pooled on the 
basis of identical parameters. Our estimates found 
capital and production labor to be substitutes in all 
industry groups analyzed. However, all other pairs 
of inputs were found to be substitutes for some 
industries and complements for others. Thus, water 
planners are likely to find that elasticities based on 
pooled data are unreliable indicators of price re- 
sponsiveness for their specific industrial customers. 


[Received August 1980; revision accepted July 
1981.] 
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Duality, the Output Effect, 
Comparative Statics — 


Robert G. Chambers 


The ‘‘dual’’ approach to applied production analy- 
sis (e.g., Binswanger, Kako, and Lutton) often 
concentrates on substitution relationships via esti- 
mated cost and factor demand functions. This is 
because the cost function presents as accurate a 
description of technology as the production func- 
tion. 

Except for Kako, agricultural production studies 
using cost functions have analyzed technology via 
Allen elasticities, technological change parameters, 
and homotheticity tests. Kako used a transcenden- 
tal logarithmic (translog) cost function to decom- 
pose empirically changes in derived factor demand 
into three separate components—output level, fac- 
tor substitution effects, and technical change. 
Kako’s work allows further investigation of techni- 
cal change on derived factor demands. However, 
Kako’s ‘‘output effect’’ is different from the tradi- 
tional concept, the production analog of the ‘‘in- 
come effect’’ in consumer theory. This note out- 
lines a theoretical and econometric approach for 
measuring the output effect. 

The output effect is important because it presents 
a more complete picture of factor employment ad- 
justments than do demand elasticities generated 
from cost functions. Elasticities generated from 
cost functions restrict the producer to a given level 
of output. Producers, however, may also adjust 
output as factor prices change. The output effect 
captures this adjustment. 

This paper demonstrates a method for deriving 
the output effect from the cost function. First, the 
general assumptions and the model are outlined. 
Then the cost function is related to the indirect 
production function, and the output effect obtained. 
Results are presented for the special case of a 
homothetic production function. The paper con- 
cludes with an empirical application to the U.S. 
meat products industry. 


Cost and Indirect Production Functions 
Assume a production function, 


(1) y = fix), 
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which is concave, strictly increasing, and twice 
continuously differentiable in all inputs (x,ex). The 
cost function C(w,y) is defined by 


Q) C(w,y) = Min [w:x : y = f(x)], 


where w represents a vector of factor prices. C(w,y) 
satisfies (a) nondecreasing in w and y; (b) positively 
linearly homogenous in w; and (c) concave in w. It 
is assumed that C(w,y) is twice continuously differ- 
entiable in all its arguments. 

` Producing a given output at minimum cost is only 
one of many possible behavioral assumptions. An- 
other is output maximization subject to a cost con-. 


straint (Ferguson). Ultimately, all agricultural pro- 


ducers face an upper limit on the amount they can 
spend on factors of production. In many instances, 
this limit provides an effective constraint prevent- 
ing unlimited profit maximization. In these cases, it 
may be appropriate to assume that firms maximize 
profits by maximizing the output attainable for this 
given cost.. 
The indirect production function is defined by 


(3) V(w,c*) = Max [f(x): w:x = c*]. 


V(w,c*) is the maximum output producible at pre- 
determined cost level c*. This function possesses 
the following properties: (a) quasi-convex in w; 
(b) nonincreasing in w and nondecreasing in c*; and 
(c) homogenous of degree zero in w and c*. It is 
assumed that V(w,c*) is twice continuously differ- 
entiable. The indirect production function is the 
production analog of the indirect utility function. 

The optimization problems in (2) and (3) are simi- 
lar. The principle that determines optimal input us- 
age, equating the marginal rate of technical sub- 
stitution to the ratio of factor prices, is the same for 
both problems. In fact, if x* is the solution to (2), 
then x* also solves (3) if the cost constraint is c* — 
w ^ x*. Thus, if C(w,y) is strictly increasing in y the 
indirect production function can be obtained by 
solving 


(4) C(w,y) = c* 


for y in terms of w and c*. Parameter estimates of 
the indirect production function for observed costs 
are obtained by inverting the estimated cost func- 
tion. The invertibility of the expenditure function to 
obtain the indirect utility function.is demonstrated 
in Varian. Extension to the cost and indirect pro- 
duction functions is obvious. However, y is treated 
as predetermined in (2). In (3) the output level is 
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determined by the solution of the optimization 


problem. Strictly speaking, y should be treated as - 


jointly dependent in the estimation of the cost func- 
tion before it is inverted to obtain the indirect pro- 
duction function. In the case below, where factor 
demands are estimated in the form (x,/y’), the 
stochastic specification incorporates this simul- 
taneity. 


Applied Comparative Statics 


The partial derivative of the cost function with re- 
spect to w;is the ith constant output demand x,(w,y) 
(Kako). Furthermore, since V(w,c*) has the same 
properties as the indirect utility function, Roy's 
identity shows that the constant cost input demand 
(the optimal x, for [3]) is 


3V(w,c*)/8w, 


y) 3V(w,c*) fact 


M,(w,c*) = — 


where i = c’ n. 

The basic difference between M,(w,c*) and 
X|((w,y) can be seen by analogy with consumer 
theory. The constant cost demand function, 
Mi(w,c*), corresponds to the Marshallian demand 
function, while x,(w,y) corresponds to the Hicksian 
compensated demand. In further analogy with con- 
sumer theory, it is possible to decompose the price 
adjustment of M,(w,c*) into two components: the 
adjustment of the compensated demand function 
which measures substitution effects and an adjust- 
ment in the level of output—the output effect. 
These two components can be represented by the 
Slutsky equation which, because of this symmetry 
between the producer and consumer problems, can 
be represented conveniently in dual form following 
Cook, as (Slutsky equation) 


(6) aM, (w,c*) = àx([w ,V(w,c*)] 
ow; OW; 
aM, (w,c*) 
eek MA 


Obtaining an estimate of the output effect involves 
calculating the appropriate second partial deriva- 


tive of the estimated cost function 


OX, 
aw, J| 


it from the estimate of (6) derived by inverting the 
cost function. One also could calculate the output 
effect directly from the derived estimate of the indi- 
rect production function using Roy's identity (5). 
Inversion of C(w,y) may be difficult. However, one 
can implicitly differentiate (4), use Roy's identity 
and the Slutsky equation to obtain the output effect. 
An example of this approach follows for the case of 
a homothetic technology. 


ac - 
aw aw; 
evaluating it at y = V(w,c*), and subtracting 
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Output Effects for a Homothetic Technology 


Homothetic production functions are important in 
applied production analysis. Special cases of 
homothetic production functions include the 
Cobb-Douglas and constant elasticity of substitu- 
tion production functions. A production function is 
homothetic if it can be written as 


(7) Ay) = f(x), 


where f*(x) is a linearly homogenous and otherwise 
standard production function and (y) strictly in- 
creases from zero to infinity (Hanoch). The asso- 
ciated cost function is 


(8) C(w,y) = h()c(w), 


where c(w) is the cost of producing output level y — 
h^! (1). Hence, one form of the indirect production 
function is 


(9) 


c* 
c(w) | 


hy) = 


Implicit differentiation yields 


2 ut 
ow, 


(10) ao 


Miw,c*) = 
Thus, constant cost input demand (Mj) is propor- 
tional, at given prices, to x,(w,y) for output level 
c* 


nei RE ene 
y = h^'(1). The factor of proportionality is E 


Differentiating (10) with respect to w, yields the 
left-hand side of the Slutsky equation: 





* 
à*c(w) _ 89c(w) . àc(w) 
c* EURO c(w) S aw; | 
k c(w)? 


Using Shephard’s lemma with c(w) obtains 


ac (w) 
Qu c 
» Ow, 


where xj? is the cost-minimizing input used to pro- 
duce y = AÀ^'(1). Equation (11) can be decomposed 
in the same manner as (6) and expressed as 


aM,(w,c*) -" óx,? c* xxjc* 

Ow; àw, c(w) c(w) 
The last term on the right-hand side of (12) is the 
output effect (8,) and may also be obtained by 
differentiation of (10) with respect to c* and use of 
(6). For homothetic production, 6, is symmetric 
(6, = 0,) and negative. Symmetry of 8; implies 
symmetry of the overall uncompensated effect 
since the substitution effect is always symmetric. 
Negativity implies all own-price effects are negative 
since by concavity of c(w), àx/?/àw, = 0. 





(12) 
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Multiplying equation (12) by (w;/M,) and sub- 
stitution obtains 


din Miw,c*) — aln x? 


03) aln w; aln w; 


xjw; e dln x 


LIT) — $. 
c(w) dinw; 





When expressed in elasticity form, the output effect 
for a homothetic technology is the negative optimal 
cost share of the jth factor (S,). This result can also 
be obtained from Mundlak’s representation of the 
production Slutsky equation and the recognition 
that homothetic production implies that the elastic- 
ity of M, with respect to c* is one. Expression (13) 
also implies that for a homothetic technology the 
output effect in elasticity form associated with a 
change in w; is the same for all Mj. 
Homotheticity generates an interesting relation- 
ship between the Allen elasticity of substitution 
(oy) and the output effect. Following Uzawa, 





(ax9/aw,) c (w) E 
14 m NE ee em 
( ) Tij xx? S, , 
0 
where Ey = Su | [ vi 
ow; xi? 
which with (12) implies 
(3x9/3wj)c(w) ^ (ax,°/aws) Mi 
(18) 6,9 ———— ———- - — > 
c(w)ay xO" 
_ _ Ey M 
WO” 


where the second equality follows from (10). The 
output effect is proportional (for given w) to the 
comparative static effect of a change in x,° for a 
change in w, These results imply 


aM, 


(16) aw; 


0 * 
2X0 [Hive] - AV 

ow; c(w)oy 

Equation (16) illustrates an interesting charac- 
teristic of homothetic production functions. If oy 
equals one, there is no adjustment in the use of 
input i as the price of j changes and costs are held 
constant. The substitution effect is exactly bal- 

.anced by the output effect. For example, the 
Cobb-Douglas production function is characterized 
by oy = 1 across all input pairs. Thus, (16) implies 
that for a Cobb-Douglas production function all 
constant-cost, cross-price elasticities are zero. 

In general, c(w) may not be readily available or 
analytically tractable. However, there is one impor- 
tant subclass of homothetic functions for which it 
is—linearly homogenous functions. For a linearly 
homogenous production function A~'(1) = 1, and 
c(w) is the cost associated with a unit output. 
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An Application to the U.S. Meat Products 
Industry 


Consider the following generalized Leontief spec- 
ification of the cost function for the meat products 
(SIC201) industry:! ` 
C(w y) = y [2,Z, Bw iwi], 

where i,j = K,L,E,M,S; K is capital equipment; L is 
labor; E is energy; M is intermediate materials; S is 
capital structures; and it is assumed that By = By. 
This specification is linearly homogenous in w. A 
sufficient condition for it to be globally concave and 
nondecreasing in w and y is that all of the param- 
eters be nonnegative (Diewert). This condition is 
apparently overly restrictive since nonnegative B's 
(i + j) rule out the possibility of complementary 
behavior among inputs. However, one can always 
impose global concavity using the method devel- 
oped by Lau. Because the basic aim of this section 
is to illustrate a method and not to analyze fully the 
meat products industry, this restriction was not im- 
posed. 

To permit estimation, it is assumed that the ob- 


served ratios (z) are distributed stochastically 


about the optimal ratios. Shephard's lemma, there- 


fore, implies 
ETE 

y j-1 Wi i 
where i,/ = K,L,E,M,S; and e, is assumed to be 
intertemporally independent and identically nor- 
mally distributed with mean zero and unknown 
homoscedastic variance. Since C(w,y) is linearly 
homogeneous in w, it is sufficient to estimate the 
demand equations in (17). These equations were 
estimated by maximum likelihood methods using 
annual data for the period 1954—76.? The estimated 
demand equations are as follows: 


i 
XK 13019 + asl me } $ 00410 “| 





























Y' — (102325) (.01423), Wx  — (.0082)V Wx 
m 03599 ba | + as "s J. 
(.0291)\ wx / — (0224) we 
IL. —.08571 + 01445]. EK j + ooo We j 
Y' C0386) (01423) WŁ / (0078) \ Wz 
+ aisi Wu J + onse ue j 
(.0821) \ Wz (.0129)\ Wz 


1 The meat products industry includes firms that are engaged in 
meat packing, manufacture of sausage and prepared meat prod- 
ucts, poultry dressing, and poultry and egg processing. 

? The restriction of global concavity has been imposed in the 
framework of a more general study of the meat products industry 
using a generalization of the cost function specified in this paper 
(see Ball and Chambers). 

? Tbe data are time series data for the period 1954—76 and are 
derived from data used in Lutton's study of the food-processing 
industry. Lutton's data consist of observations on K, L, M, S, and 
four separate energy inputs and input prices. The original energy 
inputs are aggregated into a single input for this study. All data are 
available upon request. 
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XE — wx d w, } 
= ,00689 + .00410 + 0037 
Y" (0093) (.0082)\ We / (0078) We 
+ 9649 Wu j + ooo9s| Ws j. 
(0218) Ws / — (.0095)| We 
i i 
XM 3.1091 — asses =r + EE t) 
Y' (2275) (0291) V Wu) (.0821) V Wx 
i 
+ 004| ze) + 3106 Ys ie and 
(.0218)\ Wa / — (.0279)V War 
.M 
y = —.07036 + axes m * ores ba j 
(.0465) (0224) Ws /  (.0219) V Ws 
4 onoos[ We J + 03106, War j. 
(.0095)\ Ws /  (.0279)V Ws 


Numbers in parentheses are asymptotic standard 
errors. For the estimated model, only three param- 
eters (Bks, Biz and Bss) are negative. Thus, if there 
is a departure from concavity for the model, it 
probably is slight. The estimated coefficients imply 
only one negative Allen elasticity of substitution. 
Therefore, only capital equipment and intermediate 
materials can be classified as complements. All oth- 
ers are substitutes. 

Since this cost function is homothetic, an accu- 
rate elasticity measure-of the output effect is pro- 
vided by the respective 5, Estimated cost shares 
for the last year of the sample (1976) are reported in 
table 1. These results indicate that the largest rela- 
tive output adjustments occur in response to 
changes in the price of intermediate materials. The 
smallest output adjustments are made in response 
to changes in the price of energy. 

Both substitution and uncompensated elasticities 
are reported in table 1. When considering the pure 
substitution effect, only capital and intermediate 
materials behave in a complementary manner. If 
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the level of output is allowed to adjust as factor 
prices change, however, materials have a com- 
plementary relationship with all inputs except 
labor, and labor and energy behave as gross com- 
plements. The differences between the compen- 
sated and uncompensated elasticities highlight the 
importance of the output effect in applied compara- 
tive static analysis. 


Concluding Remarks 


This paper demonstrates how to use estimates of 
dual cost functions to generate estimates of some 
common economic concepts. Specifically, trans- 
forming a cost function to the indirect production 
function permits estimation of the output effect. 
These expressions are particularly simple when the 
underlying technology is homothetic. 

However, if the indirect production function is 
estimated instead of the cost function, it is a simple 
matter to revise the outlined procedure to obtain 
estimates of the substitution effect and the asso- 
ciated Allen elasticities of substitution. Just invert 
the estimated indirect production function at the 
observed level of output and solve for costs. 


(Received August 1980; revision accepted 
June 1981.] 
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Optimum Effort and Rent Distribution in the Gulf of 
Mexico Shrimp Fishery: Comment 


Lee G. Anderson 


In a 1976 Journal paper Griffin, Lacewell, and 
Nichols (GLN) present a discussion of optimal 
utilization of fisheries which directly considers the 
share system of remuneration and the possibility 
that some costs are related to the catch size. They 
present two main conclusions. First, adherence to 
the traditional fisheries model will lead to incorrect 
policy recommendations if its assumptions do not 
hold. Second, with a fixed-share system, if the 
fishery is operating at less than the open access 
equilibrium level of effort, the earned rents will be 
distributed between vessel owners and crew mem- 
bers. In the traditional model, where labor is as- 
sumed to receive an opportunity cost wage rate, 
any accrued rents will go only to vessel owners. 
The conclusion that rents can be earned by crew 
members has important distribution and efficiency 
implications and is a contribution to literature on 
fisheries economics. However, the article contains 
the three errors which weaken its impact and could 
lead to an improper interpretation of these implica- 
tions. 

(a) The equation derived for optimal fishery 
utilization erroneously indicates that the optimal 
level of effort depends upon the share rate chosen. 

(b) In the empirical estimates section, they cor- 
rect for the above error but introduce another by 
allowing a transfer payment to be included as an 
Opportunity cost measure. 

(c) They incorrectly conclude that, to achieve an 
optimal level of effort using a tax system, both 
vessel owners and crew members have to be taxed. 
In addition, there is a general misconception in the 
paper captured in the following quote from the 
abstract. ‘‘When crews receive a fixed share of 
gross returns, labor costs are proportional to catch 

" This is only true for pecuniary or financial 
costs. In their model the opportunity cost of labor is 
not affected by the way revenues and/or cash costs 
are shared. The first two of their errors are related 
to this confusion between financial and opportunity 
cost. 

What GLN call the traditional model can be 
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summarized by the following total fishery profit 
function. 


a) m = Pf(E) — rE, 


where P is fixed price of fish; f(E), sustainable yield 
of the fishery; E, amount of effort applied to the 
stock; and r, opportunity cost of effort. The rent to 
the fishery in the traditional model is therefore 
maximized when 


(Ey = | 
Q) f'(E) "i 


where f'(E) is the first derivative of f(E). 

Now consider the GLN model in which r, is the 
unit opportunity cost proportional to output in- 
curred by vessel owners; rz, the opportunity cost of 
labor associated with each unit of effort; rą, the unit 
opportunity cost proportional to ''their share of 
catch’’ incurred by the crew; r,, the opportunity 
cost of nonlabor inputs associated with each unit of 
effort; and s, fixed percentage of total revenue 
going to crew. The total profit function for all of the 
vessels in the fishery can be expressed as 


3) = Pf(E) - sPf(E) - nffE) - rn E 


That is, profit or rent to vessels is the difference 
between total revenue and the sum of that part of 
total revenue distributed to the crew plus costs paid 
by vessel owners. 

Following GLN, the total rent earned by all crew 
members is 


(4) Te = SPf(E) — sra f(E) - r4 E 


That is, the rent earned by crew members is the 
difference between the net amount they receive 
from fishing (their share of revenues minus their 
share of costs) minus the opportunity wage they 
could earn elsewhere. This is the essence of GLN's 
model. 

The total rent produced by the fishery is the dif- 
ference between the value of the output and the 
opportunity cost of producing it. This can be de- 
rived by adding equations (3) and (4). The result is 


(5) m = PRE) — (ra + r)E — rs fE) — rf(E). 


According to the GLN model, then, the econom- 
ically efficient level of effort can be obtained from 
the following equation: 

(6) f(E)- 


rg t+ Fa 
P-—ínstr)' 
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Unaccountably GLN express the term in paren- 
theses in the denominator of their equation (8) as 
(re$ — nri). 

In any event, the nature of the first error can now 
be seen. According to this equation (6), the optimal 
level of E depends upon the fixed share rate. They 
get this result from their peculiar set of assumptions 
concerning the cost associated with output. Look- 
ing at equation (5) one might ask why the entire 
catch results in unit costs of r, but only a certain 
percentage of it (the share rate) results in an addi- 
tional unit cost of r4. What is so special about ''their 
share of catch" to require additional opportunity 
costs? To put it another way, how can the opportu- 
nity cost of handling catch possibly be related to the 
share rate? 

It is unfortunate that the theoretical section of the 
GLN paper contains such a significant error from a 
policy point of view, especially since they make an 
empirical correction so that their calculations do 
not suffer from it. 

On page 649, when deriving the opportunity cost 
parts of r; and r3, GLN introduce the parameter k, 
the average packing charges for landings. They 
state that 


n= ( — s)k, 
T4 = k. 


Recall that in the GLN definitions of r, and r3, rs 
was defined specifically to cover the crew's share of 
the catch, but r, was not limited to the vessel's 
share. However, by defining r, as (1 — s)k, it is 
clear that GLN meant that owners pay only those 
costs proportional to output which are not paid by 
the crew. 

This idea should have been built directly into the 
theoretical model. An easy way to do it would be to 
introduce the concept of the landings charges di- 
rectly and then state that they are shared by boat 
owner and crew in the same proportion as are reve- 
nues. In this case, the term r, f(E) in the boat rent 
equation, (3), would be replaced by (1 — s)&f(E), 
and the term sr} f(E) in the crew rent equation, (4), 
would be replaced by skf(E). The sum of the two 
rents then becomes 


(7) m = Pf(E) — (ra + r) E — KKE). 


The correct equation for the optimal level of effort, 
then, is 


(8) 


Ta + T4 
P-k’ 


Here it-can be seen that s, the share rate, does not 
enter and the optimal level of E is independent of s. 

By using the above expressions for r, and rz, the 
denominator term in the parentheses in equation (6) 
becomes i 


f'E) = 





r + rs = (1— s)k + sk = k. 


Therefore, the formulation provided in the empiri- 
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cal section translates equation (6) into the proper 
optimizing equation as expressed in (8). This means. 
that, at least with respect to landings charges, the 
calculations they make are correct. See below, 
however. : 

From equations (2) and (8) it can be seen that the 
fundamental difference between the optimal point 
in the traditional model and the corrected GLN 
model is quite small. The numerator in both is the 
marginal opportunity cost of effort. Likewise, the 
denominator in both is the net value of a unit of 
output. There is a difference in the two models due 
to the introduction of costs proportional to catch in 
the GLN model. However, it is landing charges and 
not the share system that provides the difference 
between the two models in optimal output determi- 
nation. 

GLN are correct when they state that use of the 
traditional model, when it does not apply, will lead 
to incorrect policy recommendations. If costs 
which are proportional to output are somehow 
lumped into the numerator of equation (2) instead 
of being treated properly in the denominator, both 
numerator and denominator will be larger than they 
should be. Then it will be impossible to determine if 
the E so derived will be less than, equal to, or 
greater than the true, optimal E. 

The second error is that GLN miscalculated the 
optimal level of E because they included a transfer 
payment in their cost measure. Ín measuring r, 
(page 649), they include a term tsP, where ¢ is a 
percentage payroll tax. While this tax is a financial 
cost to vessel owners, it clearly is not an opportu- 
nity cost of handling fish. It is just a transfer pay- 
ment to government. Since it is not an opportunity 
cost it has no relevance in the determination of the 
optimal level of effort. Since the r, they actually use 
in estimating the optimal level of E is 


r' = (1— s)k + tsP, 
then the term in the parentheses in equation (6) is 


ry tors = k + tsP. 


Therefore, their calculations do not actually allow 
equation (6) to reduce to the correct optimizing 
equation of equation (8). Specifically, the right- 
hand side of (6) is smaller than it should be. Since 
f" (E) is assumed to be a diminishing function of E, 
GLN have underestimated the optimal level of E. 
Also since they estimate r from the values of r,, rs, 
rs, and r4, their estimate of the optimal E, using the 
traditional model, is also incorrect. 

The third error is their statement that in order for 
à tax program to achieve the optimal effort level in a 
fishery with a fixed share rate, it must tax the rent 
from both crew members and vessel owners. To see 
that this is not correct, note that if all boat owners 
can get crews at the existing share rate, the open- 
access equilibrium for the fishery occurs where 
boats profits are zero. Modify equation (3) by re- 
placing the term r,f(E) by (1 — s)&f(E). Then this 
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open-access equilibrium condition can be ex- 
pressed as 
(9) ü-5(-94-n-9. 

From equation (8) the optimal condition can be 
expressed as 


(10) (P—-kf'-—-r-r,-90. 


The tax on effort that will turn the open-access 
condition to the optimal condition is 


(11) t = (P — k) ( -f - [se - k) £ - n| 


The first term of this tax is analogous to the tax 
on effort in the traditional model (Anderson, chap. 
4). At the optimal level of E, it is the total value of 
rent earned per unit of effort. The second term, at 
the optimal level of E, represents the rent per unit 
of effort earned by crew members given the fixed 
share rate. In essence, the optimal tax on boat 
owners is their per unit rent at the optimal level of 
effort, since the tax is the difference between the 
total per unit rent earned and that part which goes 
to the crews. It is not necessary to tax all rent away 
from boat owners, because given the fixed share 
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rate, some of it goes to the crew. As far as boat 
owners are concerned, it does not matter whether 
the rent goes to the government or to crew mem- 
bers. They do not get it, so it can not be an incen- 
tive to overproduce effort. 

In the presence of this tax, the open-access 
equilibrium of vessel owners will be at the optimal 
level of effort. Although they will not be earning 
rents, crew members will. This means that individ- 
uals will try to find work as crew members in order 
to obtain some of this rent. However, given the tax 
and the fixed share rate (GLN specifically assume 
that thé share rate will not change), they will be 
unable to find positions. 


[Received April 1981; revision accepted 
August 1981.] 
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Optimum Effort and Rent Distribution in the Gulf of 
Mexico Shrimp Fishery: Reply 


Wade L. Griffin, Ronald D. Lacewell, and John P. Nichols 


Anderson has very appropriately pointed to three 
errors in our article and corrected them in his com- 
ment. We appreciate his thoroughness. However, 
there may still be a misconception that needs clar- 
ification. 

The statement to which Anderson refers in our 
article, ‘‘When crews receive a fixed share of gross 
returns, labor cost are proportioned to catch . . ."' is 
a true statement. Anderson states that ''this is only 
true for pecuniary or financial costs. In their model 
the opportunity cost of labor is not affected by the 
way revenues and/or cash costs are shared." We 
are in total agreement with his statement. This is 
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the key to our analysis and is, therefore, the very 
reason rent accrues to crewmen. Under the as- 
sumption of fixed shares, as a fishing industry 
moves from an open-access equilibrium to a level of 
effort that maximizes rent, the vessel owner must 
indeed pay financial cost to the crew, not the oppor- 
tunity cost of their labor. Rent to the crew is the 
difference between the financial cost paid to them 
by the vessel owner and the opportunity cost for 
their labor which, as Anderson says, does not 
change. Hence, our original statement stands: when 
crews receive a fixed share of gross returns, labor 
cost, not opportunity cost of labor, are proportional 
to catch; therefore, rent accrues to crew members 
as well as vessel owners under limited entry. 


(Received September 1981.] 
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The Impact of Component Pricing of Soybeans 


and Milk: Comment 


William H. Lesser 


Perrin, in a recent article in the Journal, presented a 
useful model for analyzing the equilibrium price, 
quantity, and welfare effects of instituting compo- 
nent pricing for agricultural products heretofore 
sold on a commodity basis. This model was applied 
to data on soybeans and milk, leading in both cases 
to the conclusion that the social benefits from com- 
ponent pricing of these commodities are small (p. 
454). The application to soybeans appears well 
conceived and the results reasonable (see also Up- 
daw). The use of the same model to analyze the 
effects of component pricing of milk, however, con- 
tains a significant perceptual error which biases the 
estimated equilibrium effects toward zero. The 
purpose of this comment is to identify this error and 
its effect on conclusions about the economic 
efficiency of component pricing for milk. To set the 
stage for this discussion, the Perrin model is briefly 
reviewed. 


Perrin Model 


The model is based on the (exogenous) shift in the 
value of p following a change from commodity to 
component pricing. Here, 


p= (Wal wy)/ (Pa/ Po)» 


where w, and w, are the prices received by produc- 
ers for components A and B, respectively, and pa 
and p, are the consumers’ prices for A and B. With 
component pricing and perfect measurement-of A 
and B, -p = 1; while for commodity pricing, p may 
take any positive value. The displacement effect of 
the adjustment from the commodity value of p to 
the component value then changes the equilibrium 
quantities of A and B. Since the model is based on a 
linear homogenous production function, the esti- 
mated price, quantity, and welfare effects are linear 
functions of p, which is defined in terms of percent- 
age changes (pp. 445-48). The results thus depend 
critically on the estimated value of p under com- 
modity pricing. It is here that I take exception with 
the application of this model to milk. 


William H. Lesser is an assistant professor of agricultural econom- 
ics at Cornell University. 
Jim Pratt commented on an earlier draft. 


Component Pricing of Milk 


Applying the model to milk, Perrin recognizes two 
components of milk—fat and solids-not-fat (SNF) 
(mostly protein and lactose). Values under com- 
modity pricing for w, and w, and for p, and p, are 
approximated as follows (pp. 452-53): 

Producer price for butterfat (wą): the per pound 
value of the average premium for milk over the 
average of butterfat in excess of 3.5%, the base 
value used in federal order pricing. 

Producer price for SNF (w,): the remaining value 
of milk net of butterfat payments is imputed on a 
per pound basis to SNF produced. 

Wholesale price for butterfat (pa): average price 
paid for butterfat. 

Wholesale price for SNF (p,): average price for 
nonfat dry milk. For 1974—76 the estimated values 
lead to a calculated p value as follows: 


— 882/68 _ 
— T.61 — 1.17. 


Hence, a shift to component pricing would result in 
17% reduction in p (pp. 452-53). Because this 
change in p is relatively small, the estimated wel- 
fare effects of a change to component pricing are 
small also. 

Perrin’s calculation of p is, however, biased to- 
ward one. The source of the bias may be seen in 
figure 1, which is a three-dimensional generalization 
of Perrin’s figure 1 (p. 446). Here, milk is depicted 
as consisting of three components: fat, SNF, and 
the residual fluid carrier. The production possibility 
surface is labeled PPS. Now current pricing prac- 
tices in all Federal Milk Market Orders and most 
state orders (but not California) price separately as 
two products, fat and the residual. The latter is 
referred to as skim milk. This amounts to combin- 
ing SNF and the fluid carrier so that the figure 1 
surface collapses into a two-dimensional frontier 
with the axes identified as ‘‘fat’’ and ‘‘skim milk.” 
To calculate value for p, Perrin also prices fat and 
the residual, which he labels SNF. Thus, his PPS 
also collapses to a frontier with axes labeled ''fat"' 
and “SNF.” This curve is depicted as component 
pricing ostensibly because the term SNF is used 
rather than skim milk. However, the pricing sys- 
tems are identical and only the axis labels are 
changed. Hence, the p estimated by Perrin for 
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Figure 1. Components of whole milk 


commodity pricing is really measuring how 
efficiently markets are working to balance produc- 
tion between fat and skim milk in relation to de- 
mand and production elasticities. That the resultant 
value is close to one is comforting but hardly in- 
teresting. 

True component pricing would value (at least) 
the three components in figure 1 separately. Since 
fat can literally be removed, this problem will re- 
duce to two dimensions to fit the Perrin definition of 
p. Although this is trivial, it requires a valuation of 
the fluid carrier at both the farm and consumer 
levels. At the producer level, no separate price for 
this product exists in federal order markets. (The 
California State Milk Market Order prices a fluid 
carrier for Class I milk only, and this value reflects 
the class premium.) For handlers, on tbe other 
hand, the value of the fluid portion depends in part 
on the end use. With fluid and some soft products, 
the fluid carrier is an integral part. For hard: prod- 
ucts, much of the fluid component has little value, 
and might even involve a disposal cost. The same is 
true for powder producers who must evaporate the 
liquid. Thus, the consumer value of p under true 
component pricing varies by products and is 
difficult to estimate in all cases. 

Nevertheless the distribution of SNF in milk can 
provide some insights into the magnitude of the bias 
in the Perrin estimate. This may be done by assum- 
ing that the upper extent of the 95% confidence 
interval for SNF production is achievable. Grappin, 
Packard, and Ginn provide an estimate of the inter- 
val from a random sample of Minnesota and Wis- 
consin herds. Using their data, the confidence 
interval is estimated to be 8.90% + .059 (p. 70). 
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Although these herds are located in one region, the 
closeness of the estimated average to the 8.61% 
figure used by Perrin provides some assurance that 
the Midwest data do not depart greatly from na- 
tional values. 

With a yield of 8.9595, the farm value of SNF is 
estimated to be $:628, which is not sufficiently dif- 
ferent from Perrin's value of $.630 to change the 
value of p. 

However, the assumption that the upper bound 
of the 9595 confidence interval is the maximum 
achievable may be too limiting. It is possible that 
with an economic incentive to expand SNF produc- 
tion it could be done. For example Cropp et al. bave 
found that the SNF content can be affected by the 
seasonality of the production and the point in the 
lactation cycle when the milk is collected (p. 8). 
This has led to at least one analysis of the efficiency 
of collecting milk in two separate tanks at the farm 
(Fife and Carr pp. 9-10). Additionally, the SNF 
content is a breed characteristic with Jerseys show- 
ing higher levels than Holsteins (Equity Handbook, 
p. 7). 

Grappin, Packard, and Ginn provide data for es- 
timating a higher achievable level of SNF. They 
analyzed milk samples, again from the upper Mid- 
west, selected to reflect different breeds and esti- 
mated a 95% confidence interval of 9.06% + .055. 
With a yield of 9.115% the farm value of SNF is 
estimated to be 61.8¢ per pound. Reestimating p 
using the remaining values as presented by Perrin 
gives 1.43/1.2 — 1.19. This value, too, is close to the 
1.17 figure presented by Perrin, and the slight dif- 
ference given the crudeness of the figures used is 
probably not meaningful. Thus, while the expected 
direction of bias has been observed in the Perrin 
results, the magnitude appears insignificant. How- 
ever, the insignificance of the result may be a 
characteristic of the sample which contained 70% 
pure Holstein herds (p. 69). 

Other economic advantages exist for high SNF 
milk for use in some products. Higher SNF con- 
tents, and hence higher yields—a .196 increase in 
protein composition increases the average herd 
product output by .28% (Nilson, Partridge, 
Webster)—reduce the bulk transport costs to the 
handler and costs associated with the removal 
and/or disposal of the surplus liquid. Presently a 
few cheese plants are paying for milk on the basis of 
its estimated cheese yield (Ernstrom, p. 1024). Po- 
tentially greater savings will be available in the fu- 
ture as selective breeding is utilized to increase 
SNF yields (Bernard). 


Conclusion 


An error in formulating the displacement effects of 
a movement from commodity to component pricing 
of milk has been shown to bias Perrin's estimate of 
p toward one. Limited available data on the vari- 
ability of the SNF content in milk support the exis- 
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tence of this bias, but the magnitude appears small. 
However, more complete data are required before a 
final judgment can be made about the social returns 
to component pricing for milk. It would be unfortu- 
nate if an error in the Perrin model delayed this 
important research. 


[Received May 1981; revision accepted 
August 1981.] 
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The Impact of Component Pricing of Soybeans 


and Milk: Reply 


R. K. Perrin 


The main point of Lesser's comment on my article 
seems to be that in the case of milk my procedure 
for estimating p bíases the estimate toward 1.0. If 
true, the subsequent analysis would have under- 
estimated both the size of equilibrium shifts caused 
by a change to component pricing and the increase 
in social surplus which would follow from such 
a change. Lesser offers three diverse reasons for 
the existence of bias in my estimate p = 
(wa/wy)/ (Da/po) ~ (.882/.63)/(1.2) = 1.17. First, in 
paragraph 4, he states that his figure 1 shows how 
my use of a two-component model for a three- 
component situation produces such a bias. Second, 
in paragraph 5, he states that for some processors 
the marginal value product of the residual ap- 
proaches zero, which would imply a large value of 
p. Third, in paragraphs 6-9, he notes that in estimat- 
ing the farm value of SNF (w,), the residual value 
could be imputed to larger quantities of SNF, and if 
so the estimate of w, would fall and the estimate of 
p would rise. The latter two arguments are falla- 
cious, so I will address them first, then turn to the 
first argument, which has some substance. 

One must have an estimate of the implicit pro- 
ducer price of SNF (wp) to estimate p. I subtracted 
the value of fat (at $.882 per pound) from the total 
producer value of milk and imputed this remainder 
to the 5.98 billion pounds of SNF produced to ob- 
tain w, = ($3.773)/(5.98) = $.63. It is clear that if 
5.98 is an underestimate of SNF production, then 
$.63 is an overestimate of imputed price, and 1.17 is 
an underestimate of the implicit disequilibrium. 
Lesser offers no evidence in his note that 5.98 is an 
underestimate. In paragraphs 6—9 he suggests that 
some cows under some conditions can produce a 
higher-than-average percentage of SNF, but of 
course, by the same token, others must produce 
lower-than-average levels. The estimated 5.98 bil- 
lion pounds of SNF is unaffected by such observa- 
tions about the distribution of SNF in milk, so the 
imputed average price of $.63 must also be unaf- 
fected. 

Lesser argues in paragraph 5 that for some pro- 
cessors, the marginal value product of nonfat com- 
ponents might be very low. But even if true, this 
assertion has no effect whatever on the imputation 
procedure (above) by which both he and I deter- 
mined w». If anything, his assertion would suggest 
that my estimate of p, (the SNF price in the compo- 
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nent market) is too large. But this would imply an 
upward bias in the estimate of p, which is exactly 
the opposite of what Lesser wanted to prove by the 
assertion. 

Finally, let me turn to Lesser's fourth paragraph, 
in which it is asserted that ''the source of the bias 
may be seen” in figure 1. No matter how hard I 
look, I cannot see it there, but I do think there is 
support for Lesser's hunch that p is underesti- 
mated. The intent of my earlier analysis was to 
examine adjustments in just the fat-SNF plane of 
figure 1. At first glance this seems to be a legitimate 
exercise if one has a reasonable estimate of the four 
prices which apply to that plane (Wa, wj, p, and py). 
The conclusions would be incorrect only to the 
extent that adjustments along the third (omitted) 
axis would affect adjustments in the fat-SNF plane. 
But the situation is really worse than that. In assum- 
ing that fat and SNF are the only two components, 
one must impute the entire value of milk to these 
two components, with the result that the implicit 
producer price for SNF is $.63 per pound as indi- 
cated above. Yet, the producer really has no more 
incentive to produce SNF than to produce any 
other nonfat component. If the residual value of 
milk (after deducting the value of fat) is imputed to 
the entire nonfat residual, we find this value to be 
$.056 per pound. This is probably a more appropri- 
ate estimate of wp the implicit incentive for pro- 
ducers to produce an additional pound of SNF 
under the current pricing structure. Such a value for 
wy results in a value of p of about 13, which is 
spectacular support for Lesser's assertion that a 
value of 1.17 is too low. It implies that there is a 
very large implicit disequilibrium in fat-SNF space. 

So, I think that Lesser is correct in warning that 
my analysis contains conceptual problems which 
probably resulted in an underestimate of the poten- 
tial impact of component pricing in milk. Unfortu- 
nately, the two-component model will not accom- 
modate an analysis with the value of w, at $.056 ` 
rather than $.63, because the shares of fat and SNF 
in this case would sum only to .43 of the farm value 
of milk rather than 1.0 as is assumed by the model. 
One could attach no significance to the results even 
if the calculations were made. There seems to be no 
way to evaluate the significance of Lesser's insight 
until a three-component analytical model is avail- 
able. Work on such a model is nearing completion 
here, and we hope to be able to reexamine this issue 
in the near future. 

[Received October 1981.] 
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Books Reviewed 


Clawson, Marion. New Deal Planning: The National 
Resources Planning Board. Baltimore Md: Johns 
Hopkins University Press, 1981, xxii + 356 pp., 
$32.50. 

The author, a distinguished public servant in the 

federal government, served for several years as the 

director of the Bureau of Land Management in the 

Department of the Interior and since 1955 has been 

closely associated with Resources for the Future. 

This book is the result of his careful study of the 

National Resources Planning Board in its four 

somewhat different guises in the years from 1933 

until its congressional execution in 1943. Although 

Clawson did not serve on the staff of the NRPB, he 

was a member of various committees and knew 

much about the Board's functioning. He has read 
extensively and consulted widely in undertaking 

this telling of a particular episode in providing a 

planning mechanism at the center of federal gov- 

ernment executive structure. 

After an opening chapter entitled “An Over- 
view," Clawson divides his account into five parts: 
"Origin and Setting"; ‘‘History, Organization, and 
Operation''; "Substantive Fields and Activities"; 
the *‘NRPB in the Structure of American Govern- 
ment"; and ‘‘Demise and Legacy." The study 
necessarily involves economic history, political 
history, and a history of the role of ideas in a critical 
ten-year period of the United States. Inevitably in 
so ambitious an endeavor, there are peaks and val- 
leys of insights, understandings, and judgment. 

From my own limited experience as a staff 
member of the NRPB for fifteen months in 1941-42, 
Iam disposed to say that Clawson has been knowl- 
edgeable and objective in his assessment of the 
structure, the personalities, the accomplishments, 
and the deficiencies of the Board. Throughout the 
study the author stresses two important themes: the 
development and stimulation of ideas about.the 
American economy and the governmental role 
therein, and the effort to promote planning coordi- 
nation as a political/administrative process. He is 
inclined, properly I believe, to give the NRPB high 
marks for the development of ideas and lower 
marks for its achievements in the coordination of 
planning processes. It was, of course, as a gov- 
ernmental agency encouraging governmental action 
in a failed economy that the NRPB generated 
ideological controversy and so contributed heavily 
to its extinction in the middle of World War II. 

On the substantive side, Clawson asserts that the 
NRPB played a ‘‘highly important role” in the de- 
velopment of ideas and procedures about natural 
resources planning, and especially about land-use 
and water-use management. Indeed, Clawson as- 
serts that if the agency had confined its role to 


studies of natural resources it might have been fully 
as effective and have survived longer (p. 124). Of 
the studies about population, housing, research, 
and welfare and security, the author observes both 
the political implications and the political repercus- 
sions of these reports. Of the studies about public 
works as an instrument of governmental economic 
intervention, about consumer incomes and expen- 
ditures, about industrial location, and about full 
utilization of economic resources, Clawson ac- 
knowledges their contributions to an economic de- 
bate quite different from the issues of our own day. 
Of the studies about transportation policy and 
urban structures the author says only that they il- 
lustrated the wide range of the Board's interests 
and activities. 

It will come as no surprise to those who know of 
Clawson's own career if this reviewer finds the 
treatment of land-use and water-use programs to be 
more extensive and more incisive than his treat- 
ment of other studies of the Board. Clawson also 
gives the NRPB appropriate credit for advancing 
the practice of urban and regional planning in the 
United States. It is in dealing with some of the 
political aspects of planning that Clawson appears 
somewhat hesitant. 

Apart from historical usefulness, the reader will 
probably be especially interested in Clawson's final 
five chapters, which deal with the end of the Na- 
tional Resources Planning Board, its legacy, its ap- 


. praisal, and the utility of the Board as a precedent 


for present governmental structure. This reviewer 
believes that Clawson underrates the role of the 
Council of Economic Advisers and of the Domestic 
Council as agencies which can perform much of the 
work once done by the NRPB, and the author ig- 
nores the importance of the ad hoc presidential 
agency, such as the recent President's Commission 
for a National Agenda for the Eighties, as a 
stimulator of ideas. 

Reviewers are ever disposed to want authors to 
write the kind of book the reviewer would like to 
write, if he only had the time and the competency. 
This reviewer is no exception to the rule. I have 
been intrigued by Clawson's attention to the role of 
ideas as a stimulator of political action. Unfortu- 
nately, we know very little about the extent to 
which ideas do in fact motivate and determine indi- 
vidual and institutional behavior. It seems to me 
that our current models of economic and gov- 
ernmental behavior are rather far removed from the 
realities of a nation and a world confronting finite 
resources and infinite expectations. None can deny 
our continued apparent inability to deal effectively 
nationally and globally with inflation, unemploy- 
ment, and persistent poverty. The despair and hope 
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of the 1930s appear simplistic in contrast with the 
harsh limitations of thought and deed in the 1980s. 


John D. Millett 
President Emeritus, Maimi University 
Chancellor Emeritus, Ohio Board of Regents 


Ghatak, Subrata. Technology Transfer to Developing 
Countries: The Case Study of the Fertilizer Indus- 
try. Greenwich CT: Jai Press, 1981, xix + 181 
pp. $28.50. 

Because the fertilizer industry provides a key input 

for agricultural development and also a nucleus for 

broad-based chemical industry, its unique role in 

economic development of the less developed coun- 

tries (LDCs) has long been understood. 

Several developments make a book on transfer of 
technology to the LDCs in the case of the fertilizer 
industry timely. Between 1950 and 1980, fertilizer 
consumption of LDCs increased from about 1 mil- 
lion metric tons (mmts) to nearly 32 mmts. In only 
6 years after the oil crisis of 1973/74, LDCs raised 
their fertilizer consumption by about 13 mmts. This 
increment far exceeds the growth in total world 
fertilizer consumption during the first century of its 
use and accounts for as much as 4596 of the growth 
in it after 1973/74. There is growing evidence on 
the substantial contribution of fertilizer to the past 
growth in agricultural production of LDCs. The 
complementarity between biological breakthroughs 
in crop production and high rates of fertilizer appli- 
cation also points up its importance. Because of all 
these, the need to sustain rapid growth in fertilizer 
consumption of LDCs is widely recognized. Fer- 
tilizer production in the LDCs has lagged behind 
consumption. This plus the impact of the oil crisis 
on the economics of the fertilizer industry and the 
presence of fertilizer raw materials and feedstocks 
in many LDCs further strengthen the case for rapid 
development of the fertilizer industry in LDCs. 

The book under review begins with a chapter on 
growth, technology transfer, and environment in 
the LDCs. Its central theme is that the impact of 
technology transfer on the environment in the 
LDCs should be examined by considering the de- 
velopment process primarily a matter of raising per 
capita real income, and environmental degradation 
as one of the prices paid for that process. The 
remaining chapters are on production and con- 
sumption of fertilizer, structure of technology sup- 
plying industry, case studies on the transfer of fer- 
tilizer technology, economic aspects of the fertilizer 
industry, the impact of fertilizer technology on 
environment, and alternatives to fertilizer technol- 
Ogy. 

Some major findings and conclusions of the book 
are as follows. The importance of fertilizer to the 
LDCs cannot be denied, alternatives to fertilizer 
technology notwithstanding. Many LDCs would be 
better off by producing rather than importing fer- 


Amer. J. Agr. Econ. 


tilizer in the long run. Profitability, however, would 
depend upon speedy execution, capacity utiliza- 
tion, plant size, proper maintenance, and demand 
for the product. Where the size of fertilizer market 
is the constraining factor, LDCs may derive higher 
social net benefits by forming customs unions. Al- 
though there are physical, social and health haz- 
ards associated with fertilizer production, pollu- 
tion from fertilizer plants can be minimized at rela- 
tively low cost if various controls are correctly 
applied. There is considerable overlap between 
plant constructing companies and process patent 
owners in the fertilizer technology supplying indus- 
try. But there is no hard evidence to conclude any- 
thing about oligopolistic or monopolistic control. 

Despite certain shortcomings, such as exclusion 
of the research on technologies of biological nitro- 
gen fixation from the consideration of alternatives 
to fertilizer technology, lack of consistency in the 
data presented in chapter 3, and excessive weight to 
the Indian experience in drawing general conclu- 
sions, the study clearly brings out the importance of 
fertilizer to the LDCs. Nor can one deny the merit 
of its approach to and conclusions about the impact 
of fertilizer technology on the environment in the 
LDCs. Similarly, the information on the nature of 
the fertilizer technology supplying industry is both 
interesting and useful. 

But as a study on the transfer of technology to the 
LDCs in the case of the fertilizer industry, the book 
is disappointing. To gain insights into this process, 
which has been mentioned repeatedly in enumerat- 
ing the advantages of the LDCs as ''the late com- 
ers," and also to draw meaningful lessons for fur- 
ther development of the fertilizer industry in the 
LDCs, questions such as these are crucial: Which 
factors have governed the past growth of fertilizer 
industry in the LDCs? Has the transfer of technol- 
ogy reduced the technological dependence of the 
LDCs on the developed countries in further devel- 
oping their fertilizer industry? Has the development 
of this industry provided the nucleus for indus- 
trialization of the LDCs, or has it only raised their 
fertilizer production? The fertilizer industry in the 
LDCs has come a long way in the last three de- 
cades. More significantly, the past experiences of 
different developing countries (notably China, In- 
dia, Brazil and some smaller countries) have been 
varied enough to throw useful light on these ques- 
tions. It is unfortunate that the book under review 
completely bypasses them. 


Gunvant M Desai 
International Food Policy Research Institute 
Washington, D.C. 


Harsh, Stephen B., Larry J. Conner, and Gerald D. 
Schwab. Managing the Farm Business. En- 
glewood Cliffs NJ: Prentice-Hall, 1981, xv -- 384 
pp., $18.95. 
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The authors state rather clearly the group they in- 
tend to address: primarily, undergraduate students 
in farm management. Àn undergraduate text should 
provide the core of the subject matter content for 
the course. Also, it should assist in providing an 
organization for the course to give some assurance 
of a systematic coverage of the material. An intro- 
ductory farm management text carries the added 
responsibility of bridging the gap between abstract 
economic principles and the practical application of 
these principles. 

For many students, this book represents their 
only course in farm management. The major objec- 
tives probably would be to give the student the 
ability to do effective planning, both on a partial 
and a whole farm basis, and to be able to deal with 
record systems that provide the basis for analyzing 
the business and fulfilling the legal needs. The stu- 
dents should also gain an awareness of the potential 
benefits and pitfalls associated with tax manage- 
ment and the use of credit, to the extent that they 
will be able to recognize problems and seek qual- 
ified help. Time and page space quickly become a 
limiting factor for a single volume or a single semes- 
ter course. Content becomes a matter of trade-offs 
and priorities. In the context of the above objec- 
tives, it appears that this book does the job very 
well. It is generally organized along traditional 
lines. 

The book is divided into five parts, an ‘‘Introduc- 
tion," "Descriptive Analysis,” "Diagnostic Analy- 
sis," ''Prediction," and *‘Prescriptive Analysis,” 
consecutively. The first three parts deal with the 
role of management, economic concepts, farm rec- 
ord systems, farm business analysis, and forms of 
business organization. 

Part 4, ''Prediction," deals with planning tech- 
niques on both a partial and a whole farm basis and 
makes up a major portion of the book. It also deals 
with resource control and investment analysis, as 
well as with labor and machinery, tax management, 
and risk and uncertainty. The section is concluded 
with an excellent discussion of the normal devel- 
opment pattern found in a family farm business, 
starting with initial development and growth, going 
through the maturity plateau, and ending with liqui- 
dation and retirement. 

The final section of one chapter, dealing with 
""Prescriptive Analysis," is a general discussion of 
management and decision making. The authors in- 
dicate that many teachers may wish to integrate this 
part with part 1. Indeed, one is left with the ques- 
tion of why it is not in part 1. 

There are two overall weaknesses in the book, 
not unique to this text. First, although the authors 
acknowledge the role and importance of the enter- 
prise budget in several places, they devote less than 
one and a half pages of copy and one page of exam- 
ples to enterprise budgets. The second weakness is 
the failure to relate more explicitly the various eco- 
nomic concepts in the planning and decision pro- 
cess. Inasmuch as the enterprise budget is the basic 
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building block of all planning and partial budgeting, 
it seems that the ability to develop and evaluate 
properly an enterprise budget may well be the most 
important single phase of the management process 
the beginning student should learn. It is in the en- 
terprise budget that economic concepts generally 
find their practical application. It is ‘difficult to 
overemphasize the importance of the enterprise 
budget, however casually it may be accepted. 

For a basic farm management text, the chapter on 
capital budgeting is quite complete. There is, how- 
ever, no direct reference to the risk of a high debt/ 
equity ratio in the uncertain world of price and yield 
variability (as a result of heavy credit use). The 
importance of consulting specialists with financial 
or legal skills and experience should be em- 
phasized. 

In my opinion, risk and uncertainty should be 
considered in tandem with economic concepts. 
This would lead the student from the environment 
of perfect knowledge to imperfect knowledge as 
farm business planning is approached. 

These comments reflect only one person’s set of 
priorities concerning education in farm manage- 
ment, of course. The book is written in a straight- 
forward manner. Students, for the most part, 
should be able to follow it with few problems. Some 
of the examples may be confusing to the student, 
but they are probably no more than one would 
expect to find in any journalistic undertaking of this 
type. A technique which many students should find 
helpful is the authors’ use of one farming situation 
(Casey Farmer’s) throughout the book, thereby 
enabling the student to tie the examples together as 
they progress through the course. This book should 
find wide acceptance among beginning farm man- 
agement classes. 


Robert L. Johnstone 
Berea College 


Kamien, Morton I., and Nancy L. Schwartz. Dy- 
namic Optimization: The Calculus of Variations 
and Optimal Control in Economics and Manage- 
ment. New York: Elsevier North-Holland Pub- 
lishing Co., 1981, xi + 331 pp., $32.95. 

This is probably the best text now available for 

students of economics and management sciences to 

learn the elements of deterministic dynamic optimi- 
zation. By adopting simplifying assumptions, the 
authors have been able to achieve a readable, self- 
contained exposition of this material. The book 
consists of thirty-nine sections, each containing 
worked examples and exercises and appropriate to 
one class hour. Five brief appendices cover neces- 
sary background material, such as Green’s theorem 
in the plane and existence theory for ordinary dif- 
ferential equations. 

The text covers both the classical calculus of 
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variations and modern optimal control theory and 
explains the connection between them. The maxi- 
mum principle, Euler-Lagrange equations, trans- 
versality, singular solutions, elementary sufficiency 
theorems, and impulse controls are among the top- 
ics addressed. The final three sections, on time-lag 
systems, dynamic programming, and stochastic op- 
timal control are, in my view, too cursory to do 
justice to these more difficult topics. 

The applications discussed are chosen to illus- 
trate the theory, and not to provide a coherent 
account of any area of mathematical economics. 
Capital theory and economic growth constitute 
threads running through the applications, however. 

While pedagogically sound, the simple approach 
used in this text tends to underplay the difficulties 
that can arise—and often do—in practical applica- 
tions. The student should be warned that simplistic 
attempts to extend the theory outlined here may not 
work; the applied optimization literature. already 
contains many blunders resulting from the failure to 
appreciate this fact. 


Colin W. Clark 
Department of Mathematics 
University of British Columbia 


Labys, Walter C. Market Structure, Bargaining 
Power, and Resource Price Formation. Lexington 
MA:. Lexington Books, 1980, xiv + 238 pp., 
price unknown. 

In the wake of the OPEC shock and the Group of 
77s demands for a New Economic Order, interna- 
tional commodity markets again become a prime 
target of economic research. One thrust of the anal- 
ysis explored possibilities for stabilizing revenues 
and prices through compensatory finance schemes 
and buffer stocks. The most sophisticated work 
applied control techniques to econometric models 
of world commodity markets. The whole enterprise 
was subject to the (probably fatal) critique raised 
by Robert E. Lucas, Jr., Thomas Sargent, and oth- 
ers in a macroeconomic context: the introduction of 
stabilization schemes will affect the behavioral pa- 
rameters of the econometric model in ways not 
explicitly specified within existing models (for ex- 
ample, buffer stocks will change the behavior of 
private speculators). Thus the results of policy 
exercises manipulating such econometric models 
will be systematically biased. 

Another line of research weighed the likelihood 
of producer cartels in raw materials and the appro- 
priate policy responses of consumer nations. The 
best work here probably was the very thorough 
industrial organization studies of primary metals 
which Charles River Associates completed in 
1976—77 for the National Bureau of Standards. 

Finally, some work focussed on longer-term is- 
sues of minerals development, including ways in 
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which the expertise and financial capital of the in- 
dustrial world could be channeled efficiently into 
the exploration and development of minerals in 
increasingly nationalistic but resource-abundant 
LDCs. Raymond Mikesell, among others, was a 
significant contributor. 

In the past, Labys has been & modeler and 
stabilizer, but his latest book is very much in the 
spirit of the last two research areas. The book con- 
tains a wealth of information on the structure and 
operation of international markets for four of the 
most important minerals. Trends in market concen- 
tration, pricing and contractual procedures, market- 
ing and processing channels, mining investment 
costs, sources of capital, relations between host 
country and multinationals, production, trade, con- 
sumption, and technology are all set forth with just 
about the right amount of detail and with some 
attempt to assess their implications for price forma- 
tion. The book succeeds as a very useful reference 
or introduction to the international economics of 
copper, tin, bauxite, and iron ore. 

This, however, was not Labys' main purpose. 
Rather, he was seeking ''to develop a framework or 
methodological approach to mineral price analysis” 
(p. 3). His framework turns out to be F. M. 
Scherer's structure-performance approach, aug- 
mented by factors of special relevance to LDCs or 
minerals—export dependence, resource control, 
etc. While this is a perfectly reasonable way to go, 
Labys tends to make too much of what is now a 
fairly standard approach. The framework chapter is 
both too long—and too short. So many topics are 
covered that few are explained in much depth. 

The chapters on the four minerals are more in- 
teresting. Labys breaks no new ground here, but 
instead organizes a great deal of secondary material 
in an enlightening fashion. One two-page table near 
the end of the book manages to summarize the 
important structural characteristics and their trends 
with admirable directness. 

Among the more important conclusions: minerals 
markets are becoming more competitive (excep- 
tion: bauxite), although still characterized by 
oligopoly-oligopsony structures. Host countries 
have extended their control over natural resources 
and their share of the rents, but Labys seems to 
believe that the worst confrontations are over, with 
the future bringing more cooperative relations be- 
tween governments and multinationals. Although 
Labys was initially motivated to undertake this 
study by a desire to determine whether market 
prices in fact reflect true economic value (p. 2), he 
does not really attempt a systematic answer to that 
very important question. 

The text is not error-free. For example, Labys 
states that price fluctuations in copper are linked to 
‘the relative inelasticity of supply response com- 
pared to demand response” (p. 100), when in fact 
the larger the demand elasticity, given the supply 
elasticity, the smaller the price change provoked by 
shifts in demand or supply. The derivation of the 
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tax-minimizing allocation of profits between over- 
seas subsidiary and U.S. parent is a bit garbled (p. 
160), although the final results are correct. 

Some sections of the book, especially the frame- 
work chapter, could have benefitted from a rewrite. 
Even so, those interested in a concise and, in the 
last analysis, well-organized introduction to the 
economics of the four minerals markets would be 
hard-pressed to find a better single source. 


Gordon W. Smith 
Rice University 
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The laws that affect the farmer and rancher are 

brought to life by this textbook. The reader is intro- 

duced to the laws by edited cases interspersed with 
treatise-type discussion of the laws. This format 

gives the reader a general idea of the principle of a 

particular legal issue without giving the impression 

that the principle is set and never-changing. 

The book is well-suited for its primary au- 
dience—students in their final year of undergrad- 
uate study. The purpose of most agricultural law 
courses for those students is to teach them to rec- 
ognize the legal problems they may face in their 
careers so that they can deal with them early and 
minimize their impact. This book facilitates that 
purpose not only by discussing the rule of law that 
applies to a particular situation but by motivating 
the student’s interest with a real-life factual situa- 
tion. Since college seniors usually do not have 
enough real-world experience to know the ques- 
tions to be asked about a great variety of legal 
issues, the motivation provided by this book is a 
major contribution to the field of teaching under- 
graduate agricultural law. 

The book is national in scope. It discusses the 
laws of the fifty states generally and illustrates the 
discussion with the rules of particular states. This 
feature is a strength of the book as well as a limita- 
tion. It is a strength in that it shifts the emphasis 
from the actual rule of law to the process by which 
laws are made. By not limiting its scope to one 
state's laws, the authors have made the book 
equally useful in all fifty states. 

The national scope of the book is a limitation in 
that the best motivation for a student is to realize 
that the law being discussed will affect him or her. 
Therefore, as the authors probably intend, the book 
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needs to be supplemented with material (either 
written or oral) about the laws of the state in which 
most of the students will pursue their careers. The 
authors suggest in the preface that particular topics 
be omitted in states where they are not significant. 
An instructor using this textbook needs to have a 
good understanding of the laws of the state in which 
the course is taught or have a good set of materials 
that explain those laws. 

The authors have appropriately organized the 
book by typical agricultural activities rather than by 
traditional legal subject areas. For a lay student of 
the law, the legal distinctions of subject matter are 
not important. The use of agricultural activities to 
organize the material does create some logistical 
problems, however, because some legal topics are 
common to several agricultural activities. For ex- 
ample, torts arising from keeping animals are com- 
mon to both land ownership and raising livestock. 
The authors have discussed nuisance actions aris- 
ing from lifestock in chapter 7, "Rights and Lim- 
itations in the Use and Ownership of Agricultural 
Property.” Fence laws and trespass by animals are 
discussed in chapter 10, ‘‘Farm and Ranch Ani- 
mals.” Therefore, to understand the tort liabilities 
faced by a person who keeps livestock, parts of 
more than one chapter must be covered. 

The logistical problem of organizing the book by 
agricultural activity is minimized by including three 
useful features in the book. First, there is a detailed 
table of contents that tells the reader at a glance 
what topics are covered in each chapter. Second, 
there is a fairly complete index with both legal and 
agricultural activity topics included. Finally, there 
are study questions at the end of each chapter to 
help the reader realize that all the law affecting a 
particular agricultural activity may not be covered 
in that one chapter. 

For its primary audience, upper class undergrad- 
uate students of agricultural law, this book could be 
used as the main text or as supplemental readings 
for another text. In addition to its primary audi- 
ence, this book would be useful as a reference book 
for people working in the agricultural sector. Law 
students may find this book useful for giving them 
an idea of the type of legal problems their future 
farm clients will face. For any of these readers, the 
combination of edited cases and discussion of the 
law will create an appreciation for the ability of 
laws to solve some problems faced by farmers and 
the limits on that ability. 


Philip E. Harris 
University of Wisconsin 


Vogeler, Ingolf: The Myth of the Family Farm: Ag- 
ribusiness Dominance of U.S. Agriculture. Boul- 
der CO: Westview Press, 1981, xix + 352 pages, 
$25.00. 

The author of this book, a professor of geography, 
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presents a perspective on the structure of American 
agriculture that combines his economic, social, and 
political values. 

The book is divided into six parts and fourteen 
chapters. The first part deals with farm structure 
and the view that an agrarian crisis exists from the 
perspective of family farmers and landless agricul- 
tural workers. Part two sketches early land and 
water distribution policies and the author's views 
on their failures to establish a true family farm 
system. Part three discusses the market economy 
and agribusiness, economies of size, vertical inte- 
gration, contract farming, and the lack of social jus- 
tice in the U.S. agricultural structure. Part four 
discusses tax loss farming, federal farm programs, 
and the land grant college system. Part five covers 
the plight of seasonal farm workers and their fami- 
lies and the decline of small towns dependent upon 
agriculture. Part six concludes with a brief history 
of progressive and farmer protest movements along 
with a structural analysis from a labor theory of 
value orientation. 

Vogeler includes in the appendix thirty-nine or- 
ganizations "working for progressive rural 
change.’’ The list includes only two of the estab- 
lished general farm and commodity organizations 
with producer members. 

He sees capitalism working well for some but not 
for the remaining family and tenant farmers, ag- 
ricultural workers, food consumers, and small 
towns dependent on agriculture. He wants a system 
that provides higher returns to labor and lower re- 
turns to capital and management, in essence, a new 
“populism.” 

Vogeler’s insistence that all returns go only to 
labor reveals his lack of understanding of the total 
food and fiber system. He does not mention any 
distribution of returns to managers, land, and capi- 
tal suppliers, marketing firms, and off-farm labor 
that contribute to the operation of the total system. 
His perception is illustrated by the statement, ‘‘The 
value they (workers) produce (above their wages) 
goes to the capitalists . . . which in conventional 
terms is profit" (p. 285). 

One of the sources of confusion and distortion 
that shows up frequently is the author's lumping all 
agricultural production from larger farms as part of 
the agribusiness complex and blaming all the prob- 
lems of small and modest size farms upon agribusi- 
ness and the larger-volume, and usually more 
profitable, farming operations. 

Throughout the book he is critical of the institu- 
tions in the food and fiber system that have 
evolved, but at no place does he suggest alterna- 
tives to resolve what he sees as problems with the 
present system. 

Critical of current advanced technology, he be- 
lieves that all benefits of technology accrue to large 
farmers and agribusiness firms. He does not recog- 
nize any benefits to consumers in terms of cost or 
availability of food, or benefits to society. 
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One of the overriding issues that Vogeler fails to 
discuss is to what extent policy decisions should 
facilitate industrialization of the entire food system 
with its associated quality and quantities of food, 
and to what extent policy decisions should be based 
upon social and noneconomic considerations. His 
most valid point may be that more research and 
education could be done to assist workers displaced 
by mechanization. 

The author sees family farmers as having more in 
common with other workers than with larger farm- 
ers and agribusiness firms. He seems to resent that 
many farmers see themselves more aligned with the 
interest of larger farmers and other businessmen 
than with farm workers and other laborers. He sees 
the solution ‘‘in progressive farmer-labor al- 
liances." He suggests that alliances of consumers 
and farmers could lower food costs and raise ag- 
ricultural prices by sharing ‘‘a fraction of the im- 
mense profits made by the food industry” (p. 296). 

Vogeler recognizes that family farmers have 
three distinct sources of income as owners of land, 
capital, and labor. But he seems to resent their 
combined sources of income because his Marxist 
perspective telis him that these sources represent 
three conflicting social classes (p. 287). 

He also seems unaware that average incomes of 
the farm population were higher than the nonfarm 
population in 1973 and 1979, that the Agriculture 
Foreign Investment Disclosure Act of 1978 now 
makes information on foreign land ownership avail- 
able, and that land can be rented by crop-share 
lease. 

His perspective on the land grant university sys- 
tem is based on the reports of mechanization re- 
search that has led to new technology and replace- 
ment of farm workers, on an incomplete picture of 
the scope of the cooperative extension service, and 
complete omission of the resident teaching and 
graduate education programs. 

He states that under conditions of agrarian 
capitalism, radicals see agribusiness and family 
farmers as representing opposing classes and 
perspectives united in one contradiction (p. 291). 
Since this is his perspective, Vogeler has described 
himself. 

I would have a less critical evaluation of this 
book if the author had not mixed his citations of 
scholarly efforts by agricultural economists with 
reports and writings of journalists whose value sys- 
tems are not known or are biased to favor specific 
social or political interests. 

Without doubt Vogeler presents a perspective of 
family farming different from that of most agricul- 
tural economists. But I wonder if he has met many 
of today's family farmers. 


Harold D. Guither 
University of Illinois 


AAEA Awards Program 


Through its awards program the American Agricul- 
tural Economics Association recognizes profes- 
sional excellence in agricultural economics. 
Awards are made for professional achievement at 
the student, the young professional, and the more 
experienced levels in research, teaching, and ex- 
tension activities. Awards are presented at the 
Awards Program during the annual meetings of the 
AAEA. Recipients are identified in the awards pro- 
gram brochure and in the December proceedings 
issue of the AJAE. 


Selection of Fellows 


In recognition of distinguished contributions to ag- 
ricultural economics, the title ‘‘ Fellow of the Amer- 
ican Agricultural Association" may be conferred. 
The main consideration in the selection of individ- 
uals for this honor shall be continuous contribution 
to the advancement of agricultural economics. 
Achievements may be in the field of research, 
teaching, extension, administration or business. 


Nomination 


Any member of the Association may nominate any 
living member for the honor of election as Fellow 
by submitting the name to the Secretary Treasurer 
of the Association. Any member making a nomina- 
tion should submit biographical information in 
twelve copies of no more than eight pages each in 
support of the nominee. À nominee must be a cur- 
rent member of the Association in good standing or 
have been a member thereof for at least ten years. 


Candidates 


The Executive Board of the Association shall select 
candidates from the nominees (approximately twice 
the maximum number to be elected) and present the 
list of candidates to the Fellows Election Commit- 
tee of the Association together with supporting 
biographical data for each. The Fellows Election 
Committee shall be composed of five Fellows and a 
designated representative of the Executive Board. 


Election 


The Fellows Election Committee shall select the 
Fellows, not to exceed four in any one year, from 
the nominees submitted by the Executive Board of 
the Association. The Chairman of the Fellows Elec- 
tion Committee shall report to the President and the 
Secretary Treasurer of the Association at least 60 
days before the annual meeting the names of the 
newly elected Fellows. 


Announcement of Election 


The names of the newly elected Fellows shall be 
announced at the annual meeting of the Association 
by the President of the Association or his appointed 
representative, who shall read a statement regard- 
ing the achievements of each Fellow and shall pre- 
sent a certificate of recognition to the person so 
honored. The statements regarding achievements 
will be published in the December proceedings 
issue of the AJAE. 


Distinguished Extension Programs 


The distinguished extension program awards rec- 
ognize achievement of excellence in extension eco- 
nomics teaching programs. Two awards may be 
given. One of the awards is to be given to an indi- 
vidual. A second award may be given to a group of 
two or more extension workers. The name and con- 
tribution of each person must be identified in any 
group nomination. 


Nomination 


Nominations may be made by'any member(s) of the 
AAEA, and selection will be made from among 
those nominated. A nominee must have been active 
in extension teaching for at least one year at the 
time of the nomination, and the content of teaching 
efforts must be principally in the field of agricultural 
economics. Each nomination must be made by 
separate letter accompanied by eight copies of 
documentary evidence including nominee name(s) 
and extension title(s); extension program area in 
which teaching is conducted; identification of the 
clientele served; objectives of the educational pro- 
gram, teaching techniques, educational methods, 
and materials utilized; and effectiveness of the ex- 
tension teaching effort in terms of clientele re- 
sponse and/or establishment of the utility of the 
extension teaching program. 


Evaluation 


Each nominee will be evaluated on the quality of 
work as indicated by the documentary evidence 
submitted with the nomination relative to the fol- 
lowing characteristics: effectiveness in teaching 
application of economic principles and tools of 
analysis appropriate to the problem and audience 
involved, ability to conceptualize new extension 
educational programs and application of new teach- 
ing concepts to existing programs, effectiveness in 
bringing about significant behavioral change and/or 
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understanding of clientele, and contribution to im- 
proved extension teaching in agricultural econom- 
ics as evidenced by participation in appropriate pro- 
fessional activities and organizations. 


Submission 


Nominations and supporting evidence must be 
submitted to the chairperson of the Distinguished 
Extension Program Awards Subcommittee. 


Distinguished Policy Contribution 


The distinguished policy contribution award recog- 
nizes an outstanding contribution to policy deci- 
sions or to the advancement of public understand- 
ing of major policy issues related to food, fiber, 
agriculture, and human welfare. Policy issues are 
interpreted in their broadest sense. They may relate 
to either a national or international situation. Their 
focus may be on production, marketing, or con- 
sumption. They include such things as price and 
income policy, environment and land-use issues, 
local government, rural poverty, and community 
development problems. The purpose of the award is 
to encourage interest in economic analysis of public 
policy issues that can provide timely and relevant 
information for more effective public policy and 
program decisions. The award is intended to focus 
attention on important efforts in research, educa- 
tion, or public service that facilitate the policy pro- 
cess and improve public performance and under- 
standing. This award may be given annually. 


Nomination 


Individual or group efforts may be nominated. 
Nominations may be submitted by individual mem- 
bers, groups, or institutions. In addition, the Dis- 
tinguished Policy Contribution Award Committee is 
encouraged to generate nominations to assure that 
all outstanding policy contributions are considered. 
Winners will be selected on the basis of the suppor- 
tive material showing major contributions within 
the previous five years. Renominations are invited 
provided the supportive material is updated. Each 
nomination must be made by separate letter ac- 
companied by documentary evidence supporting 
the nominee's contributions to the development 
and/or understanding of public policy. If the nomi- 
nation is a group effort, all members of the group 
must be identified at the time of nomination. Eight 
copies of each entry should be submitted. Return of 
the material submitted is not customary but can be 
requested. 


Evaluation 


Entries must demonstrate significant contributions 
to the development and/or understanding of policy 
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through research, extension, education, or public 
services activities. They will be evaluated on the 
quality of contribution to policy decisions or to the 
advancement of public understanding of major pol- 
icy issues related to food, fiber, agriculture, and 
human welfare. Additionally, contributions will be 
evaluated based on the impacts they have had on 
the decision-making process. The effort must be a 
significant contribution to policy understanding as 
indicated by publication, program participation, or 
public response and awareness. The work should 
show evidence of demonstrated excellence in de- 
fining and articulating policy issues to the public 
and helping the public to understand and be aware 
of such issues. 


Submission 


All nominations and documentation should be sent 
to the chairperson of the Distinguished Policy Con- 
tribution Award Subcommittee. 


Distinguished Undergraduate Teaching 


The distinguished undergraduate teaching awards 
recognize and encourage meritorious performance 
in undergraduate teaching in agricultural econom- 
ics. Two awards will be given: one for an individual 
with less than ten years of experience as an under- 
graduate teacher, and one for an individual with ten 


or more years of experience as an undergraduate 
teacher. 


Nomination 


Nominations may be submitted by any member(s) 
of AAEA. Winners will be selected based entirely 
on the supportive material submitted. Renomina- 
tions are invited providing the supporting evidence 
is updated and resubmitted. Nominees must be ac- 
tively engaged in teaching at a professional level 
during the current school year. Nominees must 
have demonstrated outstanding ability as an under- 
graduate teacher of agricultural economics. The 
format of the nomination material submitted should 
use as primary categories the five major criteria 
areas listed below. Include biographical data of the 
nominee—name, present position, education, and 
number of years of university-college teaching and 
experience in the profession. Supporting evidence 
must be limited to three pages for each of the five 
primary categories of the nomination. No more 
than three letters of reference from peers and stu- 
dents for each of the five primary categories should 
be included. Adjunct material may be included as 
an appendage to the nomination package if desired; 
for example, summaries of student class evalua- 
tions for courses taught. Eight copies of each nomi- 
nation package are required. 
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Evaluation 


Five major areas will be considered in evaluating 
nominations with relative weights as follows. (a) 
Quality of teaching (45%)—ability to motivate and 
stimulate student to learn; innovation for presenta- 
tion and evaluation measurements; and mastery of 
subject, use, and application to business condi- 
tions. (b) Academic advising, counseling, and ex- 
tracurricular activities of students (2096) —advising 
and counseling; and catalyzing extracurricular ac- 
tivities of students through department clubs or or- 
ganizations, student council or senate, student pub- 
lications, convocations, seminars, and community 
involvement. (c) Campus particupation in instruc- 
tional, course, and curricular improvement efforts 
(15%)—department, college, and university-wide. 
(d) Professional improvement in teaching for ben- 
efit of self and peers (1595) —published textbooks, 
manuals, bulletins; research papers related to im- 
proved teaching; and participation in professional 
meetings and committees related to improved 
teaching and student activities. (e) Department/ 
college/university teaching awards (595)— student 
association/alumni awards. 


Submission 


Nominations and supporting evidence must be sent 
to the chairperson of the Distinguished Undergrad- 
uate Teaching Awards Subcommittee. 


Professional Publications 


Four major awards are given to encourage excel- 
lence in publications in all areas of agricultural eco- 
nomics. These are: Quality of Research Discovery, 
Quality of Communication, Publication of Enduring 
Quality, and Outstanding Article in the AJAE. 


Quality of Research Discovery 


There are no requirements regarding the number of 
authors or professional experience. Nominations 
may be submitted by individuals, departments, or 
agencies. Nine copies of each publication should be 
submitted, unless expense for the individual is ex- 
cessive. Return of the publications is not customary 
but may be requested. Nominations should be sub- 
mitted for only one award in either the quality of 
research discovery or the quality of communication 
category. 

Nomination. À maximum of two awards are given. 
Entries must specify that the nomination is to be 
judged for the quality of research discovery. En- 
tries must have been published in the previous 
calendar year. 

Evaluation. The research must be a significant con- 
tribution to the field of knowledge in agricultural 


Institutional Members 173 
economics. The work should demonstrate excel- 
lence in research methodology and may deal with 
conceptualization of researchable problems as well 
as empirical verification. 

Submission. Entries should be forwarded to the 
chairperson of the Quality of Research Discovery 
Awards Subcommittee. 


Quality of Communication 


The rules pertaining to the award for quality of 
research discovery also apply to this award for 
quality of communication. 

Nomination. A maximum of two awards will be 
given. Entries must specify that the entry is to be 
judged for its quality of communication. Entries 
must have been published in the previous calendar 
year. 

Evaluation. Entries must demonstrate superior 
communication of concepts or knowledge in any 
subject matter area or professional specialization 
(i.e., research, teaching, or extension) in agricul- 
tural economics to a specified audience. If dealing 
with transmission of research findings, the publica- 
tion need not contain the author's original research 
but should improve communication within the pro- 
fession as well as between it and other professions. 

Submission. Entries should be forwarded to the 
chairperson of the Quality of Communication 
Awards Subcommittee. 


Publication of Enduring Quality 


Nomination. One award is offered for a publication 
having publication date during the fifteen-year pe- 
riod ending eleven years prior to the award year. 
Eligible entries are articles in the AJAE (during part 
of the period considered, the AJAE was known as 
the Journal of Farm Economics), regardless of 
whether the authors are AAEA members, and also 
other publications by authors, one of whom was a 
member of the AAEA at the time of publication. 
Entries must be submitted by departments or other 
administrative units, colleagues, or the authors 
themselves. Publications receiving an award in any 
other category in previous years are eligible for this 
award. 

Evaluation. Entries are judged on the basis of the 
enduring quality of their contribution to the profes- 
sion. 

Submission. Entries should be forwarded to the 
chairperson of the Publication of Enduring Quality 
Subcommittee. 


Outstanding Article in American Journal of 
Agricultural Economics 


The editor and editorial council of the Journal, with 
the editor as chairman, will choose the outstanding 
article in the previous volume of the Journal. 
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Outstanding Master's Thesis 


The outstanding master's thesis awards have as 
their objective development of professional excel- 
lence by individuals writing master's theses in ag- 
ricultural, natural resource, or rural economics. 
Three awards are given. A cash supplement of $250 
accompanies each award. 

Nomination. Nominations may be made from any 
department in which students write master's theses 
in the areas of agricultural, natural resource, or 
rural economics. Any entry must be submitted by 
the head or chairperson of the department where 
the degree is earned. A department may submit one 
nomination for each fifteen master's theses or frac- 
tion thereof presented to a graduate school faculty 
in the previous calendar year. In determining the 
number of eligible theses, departments should limit 
consideration to theses in the areas of agricultural, 
natural resource, or rural economics. 

Nominations should include thesis or other com- 
parable documentation. Selection will be made 
from documentation approved in final form by the 
student's advisory committee. A thesis will be eli- 
gible for competition in the calendar year following 
the one in which the thesis was accepted by the 
graduate school or division. A published thesis may 
be entered in both the published research and mas- 
ter's thesis classes but is eligible for only one 
award. Although a published thesis is acceptable, a 
copy of the thesis as submitted to the graduate 
faculty should be sent whenever possible. Three 
copies of a thesis (or comparable document) must 
be sent to the subcommittee chairperson. All copies 
are returned after they have been read by the 
judges. 

Evaluation. Copies of evaluation criteria may be 
obtained from the subcommittee chairperson. 

Submission. All nominations and documentation 
should be sent to the chairperson of the Master's 
Thesis Awards Subcommittee. 
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Outstanding Doctoral Thesis 


The outstanding doctoral thesis awards are given in 
recognition of development of professional excel- 
lence by persons writing doctoral dissertations in 
agricultural, natural resource, or rural economics. 
Three awards are given. A cash supplement of $250 
accompanies each award. 

Nomination. An entry must be submitted by the 
head or chairperson of the department where the 
thesis or comparable document was presented in 
partial fulfillment of requirements for the Ph.D. de- 
gree. À department may submit one nomination for 
each twelve doctoral theses or fraction thereof pre- 
sented in agricultural, natural resource, or rural 
economics to a graduate school faculty in the previ- 
ous calendar year. In determining the number of 
eligible nominations, departments should limit con- 
sideration to theses in the areas of agricultural, 
natural resource, or rural economics. 

Selection will be made from documentation ap- 
proved in final form by the student's advisory 
committee. A thesis will be eligible for competition 
in the calendar year following the one in which the 
thesis was accepted by the graduate school or divi- 
sion. A published thesis may be entered in both the 
published research and thesis categories but is eli- 
gible for only one award. Although a published thesis 
is acceptable, a copy of the thesis as submitted to 
the graduate faculty should be sent whenever pos- 
sible. Three copies of a thesis must be sent to the 
subcommittee chairperson. Al] copies are returned 
after they have been read by the judges. 

Evaluation. Copies of evaluation criteria may be 
obtained from the subcommittee chairperson. 

Submission. All nomination and documentation 
should be. sent to the chairperson of the Doctoral 
Thesis Awards Subcommittee. 
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Articles 


The Influence of Psychic Costs on 
Rural-Urban Migration 


Brady J. Deaton, Larry C. Morgan, and Kurt R. Anschel 


Psychic costs reflect differences in interregional utility, an important determinant of 
population among regions. Following Sjaastad's definition of psychic costs, the 
consumer surplus foregone by Appalachian migrants in two urban areas was measured as 
the difference between current urban income and an acceptable income level in eastern 
Kentucky. Psychic costs varied significantly with the size of the city of destination; 
migrants’ demographic characteristics; and their satisfaction with jobs, city services, and 
interpersonal relationships in the city. Mobility which reduces psychic costs contributes 
to social well-being but will not be measured in national economic accounts. 


Key words: Appalachia, costs of migration, migration, psychic costs, return migration, 


rural-urban migration, social adjustment, worker mobility. 


The conceptual base for viewing migration as 
an investment in human capital was provided 
in Schultz' seminal article in 1961. Sjaastad's 
further development of the topic analyzed the 
rate of return on migration investments, rec- 
ognizing that earnings differentials between 
regions can be expected even after sustained 
periods of migration. These differentials, 
Sjaastad emphasized, reflect, in part, the exis- 
tence of ‘psychic’ costs or lost consumer 
surplus rather than resource costs associated 
with migration. Yet, neither Sjaastad nor other 
subsequent work gives adequate attention to 
the topic. 

Psychic costs signal utility differentials 
among geographic regions. These may induce 
migration, which results in a more socially op- 
timal pattern of resource allocation than that 
induced by adjustments in market-determined 
wage rates. In his Nobel lecture, Schultz 
(1979) states, ‘‘The value of additional human 
capital] depends on the additional well-being 
that human beings derive from it" (p. 13). 
Thus, a more complete understanding of mi- 
grants' perceptions of and responses to interre- 
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Health, Education, and Welfare. 
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gional utility differentials will provide both 
theoretical and practical insights into the geo- 
graphic allocation of human resources, chang- 
ing life quality, and the decision-making pro- 
cess affecting human mobility. These are im- 
portant for an effective rural development pol- 
icy (Hildreth and Schaller, Tweeten). 

A strong preference for residing in rural 
communities is revealed in recent population 
and job movement from urban to rural areas. 
Psychic differentials favoring rural regions 
may be reflected in slower gross rates of out- 
migration from rural areas and in the current 
net migration from urban to rural com- 
munities. Simultaneously, the recognition by 
industrial leaders that relatively lower wages 
in rural areas are as acceptable as somewhat 
higher urban wages for equivalent jobs helps 
explain the rapid growth in rural manufactur- 
ing employment described by Lonsdale and 
Seyler. 

This paper identifies and analyzes determi- 
nants of psychic costs and draws relevant im- 
plications for rural development policy. The 
analysis is based on measures of psychic costs 
and urban satisfaction for a pooled sample of 
eastern Kentucky migrants located in Cincin- 
nati, Ohio, and Lexington, Kentucky. 


Evolution of the Psychic Concept 


Maddox warned that the psychic costs of mi- 
gration were probably quite significant and 
could not be ignored by researchers and policy 
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makers. Subsequent empirical research sub- 
stantiated his suspicion that psychic costs are 
more important than monetary costs (Deaton, 
Morgan). His warning was largely ignored, 
however, to the detriment of intellectual in- 
quiry and practical public policy. Most migra- 
tion research has followed a more simplistic 
route with limited policy relevance. Earlier 
analysis of psychic components of the migra- 
tion decision would have aided policy makers 
to anticipate the population reversal of urban 
to rural labor flows. 

Sjaastad defined psychic costs as a con- 
sumer surplus equal to the maximum dollar 
income that could be taken from the individual 
before he/she would decide to migrate in or- 
der to improve his/her economic position. 
Weidemann and Sanders adopted this defini- 
tion in their studies of return migrants in east- 
ern Kentucky. Sanders found that an addi- 
tional income increment of $4,000 per year (in 
1968 dollars) would be required to induce 
former migrants to return to the city. 
Weidemann found that age, emotional adjust- 
ment, and income were significant determi- 
nants of psychic costs. Weidemann used the 
Bell Adjustment Inventory to measure emo- 
tional adjustment. Because of the small num- 
ber of observations used in the regression, his 
results must be interpreted with caution. 

Rohrlich directed our concern to the social 
opportunity cost of the psychic effect, imply- 
ing that society will lose if a psychic factor 
keeps the migrant away from higher earnings 
in the city. This argument is sound only if 
dollars comprehensively measure social util- 
ity, a proposition few economists would sup- 
port. More consistent with this paper is 
Hoch's argument that spatial wage differen- 

: tials are essentially compensatory payments to 
offset the disutility of large population centers, 
after accounting for occupational selectivity 
and disequilibrium of wage adjustment. 

Morgan and Deaton studied the income dif- 
ference necessary to induce out-migration 
from three low income counties of eastern 
Tennessee. They found that willingness to 
migrate was positively associated with current 
earnings, level of education, and employment 
as craftsmen and operatives. These differ- 
ences corresponded to similar distinctions be- 
tween migrants and return migrants reported 
by Deaton and Anschel, especially regarding 
income, education, and age. Regression anal- 
ysis in the Morgan-Deaton study supported 
their hypothesis of direct relationships be- 
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tween the psychic costs of migrating and age, 
marital status, family size, and family income. 
Contrary to their hypothesis, more educated 
people with jobs were less likely to move. 


A Monetary Measure of Psychic Differentials 


A field survey of 396 randomly selected east- 
ern Kentucky migrants in Cincinnati, Ohio, 
and Lexington, Kentucky, provided the data 
for this study. Of these, 161 families had lived 
in Lexington for at least one and no longer 
than five years. The remaining 235 families 
had lived in the Hamilton County portion of 
the Cincinnati SMSA for at least one year and 
no longer than sixteen years. These time pe- 
riods were determined by the restrictions im- 
posed by the use of the census questions 
which determined the residential status of 
migrants. 

During the interview each migrant was 
asked, ‘‘How much would you have to earn 
per month in eastern Kentucky in order for 
you to move back?" The response was ad- 
justed to an annual basis to reflect the mini- 
mum acceptable annual income to return to 
eastern Kentucky. The psychic cost measure 
was then constructed by subtracting the pres- 
ent minimum acceptable income at the point 
of origin (eastern Kentucky) from the present 
total family earned (nonasset) income in the 
city.! The resulting income differential is the 
amount the migrant would either sacrifice or 
require in annual income in order to return to 
eastern Kentucky. All dollar figures reported 
in this paper were adjusted to 1970 price 
levels. 


Attitudinal Traits Hypothesized to 
Influence Psychic Costs 


The rural Appalachian-to-urban migrant ex- 
periences a unique shift in cultures, interper- 
sonal relationships, and job orientation that 
may be highly disconcerting. The migrant-to- 
be is reared in a personal, familial, rural com- 
munity. The decision to move often entails an 
abrupt shift from a community of family and 
friends to an impersonal, urbanized world, 
with a factory job for which the migrant is 
often ill-prepared. Overcoming this psycholog- 
ical rift may be a major task. 

This study hypothesized that the most im- 


! The assumption was made that any transfer payments and 
asset earnings would continue to accrue to the family irrespective 
of geographic location. 
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portant of these psychological adjustments 
could be placed into three categories reflect- 
ing relative satisfaction toward (a) job 
(JOBSCORE), (b) friends and acquaintances 
in the urban community INTSCORE), and (c) 
the public and private services and facilities of 
the city (SERSCORE) (Holmes, Kavanagh 
and Lowin, Weissenberg and Gruenfeld, 
Armstrong, Mukherjee). 

Batteries of questions were constructed for 
each of these attitudes to elicit responses ac- 
cording to one of six degrees of agreement: (a) 
agree strongly, (b) agree, (c) agree slightly, 
(d) disagree slightly, (e) disagree, or (f) dis- 
agree strongly (adapted from Roen and 
Burnes). The values were correspondingly 
scored 1 to 6 to reflect successive degrees of 
relative dissatisfaction. Therefore, the lower 
the score the more satisfied was the respon- 
dent. À series of reliability tests were made on 
each battery of scale items. Any item that 
reduced the reliability of the index was de- 
leted. Subsequently, an index for each attitude 
was constructed by calculating the simple 
mean for each respective battery of ‘‘valid’’ 
scale items. Validity in this context refers to a 
positive contribution to the reliability index. 

The major hypothesis of the research is that 
the migrant's psychological satisfaction is in- 
versely related to the amount of income they 
are willing to give up to return home. That is, a 
positive association is expected between the 
constructed indices (relative dissatisfaction) 
and the measure of psychic costs. Other inde- 
pendent variables included in the analysis and 
their hypothesized relationships are specified 
below. i 

(a) Family earned income in 1971 
(FAMINC). Families with higher income 
levels were expected to be more satisfied with 
their current status and thus have a relatively 
lower psychic cost. However, since the mag- 
nitude of the calculated psychic cost is depen- 
dent upon the level of current family income, 
the hypothesis cannot be tested directly in this 
framework. The income variable serves 
primarily as a control variable facilitating the 
interpretation of other independent variables, 
especially JOBSCORE, INTSCORE, and 
SERSCORE. 

(b) Migrant's occupation by grouped cen- 
sus categories was represented by one of five 
separate dummy variables reflecting profes- 
sional and managerial (PROF), sales and cler- 
ical (SAL), craftsman and operatives (CRFT), 
and laborers (LAB).? Service workers was the 
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normalized category. Higher status jobs were 
expected to be inversely related to psychic 
costs. 

(c) Migrant's years of education (EDUC). 
Education is supposedly a force for socializa- 
tion. Therefore, more educated individuals are 
expected to be more adaptive and, thereby, 
experience lower psychic costs. 

(d) Migrant's sex (FEMALE = 1). Avail- 
able literature suggests that females may have 
closer ties to their families and support sys- 
tems in eastern Kentucky resulting in greater 
psychic costs in the city. A contrary notion, 
however, is that higher quality housing, health 
facilities, and city services will tend to reduce 
their psychic costs relative to males. There- 
fore, no relationship was hypothesized. 

(e) Current property ownership in eastern 
Kentucky (PROPEK = 1). This variable mea- 
sures the existence of a wealth linkage to the 
area of origin and, perhaps, a psychological 
propensity toward the region. Also, it may 
reflect future plans to return. A positive rela- 
tionship was hypothesized. 

(f) Migrant's current city residence (CITY 
— ] for Lexington or 0 for Cincinnati). The 
smaller, home-state city of Lexington was ex- 
pected to be associated with lower psychic 
costs. 

(g) Distance migrated (DIST). Measured in 
miles, this variable is a classic proxy for rela- 
tive orientation to the city. A positive relation- 
ship was hypothesized; i.e., migrants who 
come from nearer the city should experience 
lower psychic costs. 

(h) Migrant's rural-urban origin in eastern 
Kentucky (URBAN = 1). It was hypothesized 
that migrants who lived in urban areas of east- 
ern Kentucky, defined as towns with popula- 
tion 2,500 or above, will be more adaptable to 
urban life and will have relatively lower 
psychic costs. 

(i) Years of residence in the city 
(YRSRES). Because the measure of several of 


? The sixteen major census classifications were regrouped into 
six variables. Variable specification and respective census catego- 
ries are as follows: PROF--(a) professional, technical, and 
kindred workers, (b) managers and administrators; SAL—(c) 
sales, (d) clerical and kindred; CRFT—(e) craftsmen and kindred, 
(f) operatives, except transport, (g) transport equipment opera- 
tives; LAB—(h) laborers, except farm, (i) farmers and farm man- 
agers, (/) farm laborers and farm foremen; SERV—{k) cleaning 
service workers, (/) food service workers, (m) health service 
workers, (n) personal service workers, (o) protective service 
workers, (p) private household workers. 

The SERV variable was set equal to zero and all other variables 
set equal to one. Thus, the regression analysis tests whether 
migrants in any of the occupational categories had psychic costs 
different from the SERV category. 
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the above factors probably will vary with 
length of residence in the city, the length of 
residence in years will correct for the distor- 
tion on the other measures. Social adjustment 
over time should be measured by the satisfac- 
tion indices. 

() Home ownership in the city of current 
residence (OWNHOM = 1). The purchase of a 
house in the city is likely to represent a more 
permanent tenure for the migrant and more 
successful adjustment to urban life. Hence, an 
inverse relationship was hypothesized. 

(k) Family size (FAMSIZ). A positive rela- 
tionship was hypothesized since living costs 
and potential adjustment problems are likely 
to be more severe as family size increases. 

(D) Migrant's age at the time of migration 
(AGE). Migrants who enter the city at a 
younger age usually are more flexible and have 
not established a rigid pattern of social rela- 
tionships and life style. Therefore, their ad- 
justment to the city is more rapid and more 
complete. À positive relationship was hypoth- 
esized. 

(m) Years of residence in other cities 
(YRSRES). Time spent in previous years in 
other cities should ease the socialization in the 
city of current residence. Hence, an inverse 
relationship was expected. 

(n) Migrant's weeks of unemployment dur- 
ing the previous year (UNEMP). Unemploy- 
ment leads to disenchantment with the city 
and lowers self-esteem. Thus, a positive as- 
sociation with psychic costs was expected. 

(o) Migrant’s participation in formal job 
training (JOBTRN = 1). Previous job training 
should ease transition into the city. Án inverse 
relationship was expected. 

(p) Migrant's military training (MILTR = 
1). The travel and exposure provided by mili- 
tary service also should serve as a socializa- 
tion process. Hence, migrants with previous 
military service are expected to experience 
less psychic cost. 

Stepwise regression was used to develop the 
model with the lowest standard error of esti- 
mate. Table 1 presents the mean, standard 
deviation, and regression results for the vari- 
ables in the ‘‘best-fit’’ model. 


Results of the Analysis 


The regression model explained 4795 of the 
variation in the psychic income differential. 
The positive mean value for the dependent 
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variable, psychic cost, suggests that the aver- 
age migrant would give up $1,777 to return to 
eastern Kentucky. That is, earnings $1,777 
below the current urban family earnings of 
$9,409, or $7,632, would apparently be an ac- 
ceptable family income in eastern Kentucky. 
This level of psychic costs ($1,777) compares 
with direct cash outlays and foregone earnings 
incurred as moving costs from eastern Ken- 
tucky which averaged less than $100 for each 
sample (Deaton, Morgan). Also, psychic costs 
are a measure of a continuing utility differen- 
tial. Other moving costs are incurred only at 
the time of moving and can be quickly recap- 
tured via the higher earnings received in the 
city (Deaton, Maddox, Morgan, Sjaastad). 
The coefficient of the FAMINC variable sug- 
gests that $.74 of each additional dollar of in- 
come would be sacrificed to return to eastern 
Kentucky. However, the marginal value of 
$.26 plus the uncertainty of jobs and earnings 
in eastern Kentucky serves to keep them 
where they are. 

The average worker in eastern Kentucky in 
1971 earned $7,069 (Morgan, p. 165), only 
$563 below the earnings level designated as 
"acceptable" by this sample of urban mi- 
grants. Cost-of-living differentials as perceived 
by each individual are included in the measure 
of ''acceptable' income. Since no adjust- 
ments were made for cost of living differences 
between eastern Kentucky and the cities, 
higher living costs in the city for a similar 
bundle of consumer goods would inflate the 
measure of psychic costs. There is little evi- 
dence to gauge the importance of this factor. 
However, preferences for alternative service 
mixes along with cost-of-living differentials 
between Lexington and Cincinnati are par- 
tially captured in the CITY variable, which 
was statistically significant at the .05 level. 
The regression coefficient of —2,086 for CITY 
indicates that, other factors held constant, 
migrants living in Lexington would have to be 
subsidized to return to eastern Kentucky. 
Consistent with Hoch's findings, these results 
suggest that disamenities increase with city 
size. On the basis of this data, Lexington is 
clearly à preferable destination for eastern 
Kentucky migrants. 

This psychic cost measure reveals utility 
differentials between the rural origin and the 
urban destination. In a social welfare sense, 
migrants in this sample were equally satisfied 
by either their current income in the city or by 
residing in eastern Kentucky with $1,777 less 
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Table 1. Regression Model for Migrant Income Differential Needed to Return to Eastern 
Kentucky 

Regression 

Standard 
Variable Mean Deviation Coefficient Error F-Value 
Psychic cost 1,776.64 5,135.09 
Constant — 6,240 
FAMINC 9,409.05 3,912.50 0.74 0.07 123.208 
INTSCORE 3.82 .94 1,205.73 313.76 10.66* 
PROF .18 .39 —2,357.38 722.00 12.628 
EDUC 11.65 3.01 — 169.41 99.72 2.89 
FEMALE 13 33 3,001.34 784.35 14.643 
SAL 143 ^ .34 —1,862.81 T10.71 5.84^ 
PROPEK .10 .30 1,445.37 793.57 3.32 
CITY .44 .50 — 2,085.53 837.23 6.21» 
DIST 141.15 62.29 — 11.18 5.84 3.66 
URBAN 29 .46 — 1,090.72 552.75 3.89: 
YRSRES 5.95 3.83 — 105.20 72.07 2.13 
SERSCORE 2.95 70 532.71 419.81 1.61 
OWNHOM .38 .49 — 599.38 533.13 1.26 
FAMSIZ 3.27 1.39 200.24 185.96 1.16 

R = 0.47; S; = 3742.82: Regression F = 17.52: N = 263 

* Fo = 6.64. 
> Fons = 5.02. 
© Fig = 3.84. 


earnings. This value increases significantly if 
only the Cincinnati sample is considered as a 
separate analysis revealed. The 235 Cincinnati 
residents in the sample would accept average 
rural earnings $3,138 below their current 
levels in order to be equally content. 

Cincinnati migrants had an average family 
income of $10,203. Giving up $3,138 on aver- 
age would place them essentially at parity with 
the average wage earner in eastern Kentucky. 
However, this does not suggest that the mi- 
grants will immediately return home. The wage 
level in eastern Kentucky is determined by 
specific skills, such as mining and heavy ma- 
chine operations. This may not characterize 
the skills of migrants in Cincinnati. The com- 
parable ‘‘appropriate’’ wage potential in east- 
ern Kentucky for these workers may be sub- 
stantially less. In addition, follow-up ques- 
tions revealed that the Cincinnati migrants 
generally thought that jobs were simply either 
unavailable or insecure in eastern Kentucky. 
Hence, a comparison of general wage rates 
with psychic cost is not an adequate basis for 
predicting migratory responses. 

The analysis reveals that each unit change in 
INTSCORE results in a $1,206 change in 
psychic costs. Interpersonal relationships 
seem to be more important in contributing to 
satisfaction with urban life than the other two 
attitudinal measures. However, INTSCORE 


and SERSCORE were intercorrelated at the 
r — .61 level, which could result in a loss of 
efficiency and possible bias in measuring the 
relative importance of these variables. Among 
the satisfaction indices, all other intercorrela- 
tions were below .25. 

With other variables held constant, female 
household heads would sacrifice over $3,000 
in income compared to male household heads 
to return to eastern Kentucky. The magnitude 
of this coefficient was surprising. Obviously, 
sex differences are important, though it is un- 
clear whether they are due to different percep- 
tions of the city, the area of origin, and/or 
other factors. This would be a fruitful area for 
further research.? 

Two occupational categories were sig- 
nificant determinants of psychic costs. The re- 
sults indicate that professionals (PROF) and 
sales workers (SAL) would have to be sub- 
sidized in the amounts of $2,357 and $1,863, 
respectively, as compared to service workers, 
to return to their home region. Different in- 
come levels, the perceived differential oppor- 


? A reviewer suggested that the strong desire of female, single- 
parent households to be near friends and relatives (familiar social 
surroundings) for emotional support and assistance in child rear- 
ing should have led to the hypothesis of a strong positive relation- 
ship consistent with our findings. We concur with the plausibility 
of this suggestion and believe that it deserves future research 
attention. 
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tunities and occupational mix between re- 
gions, and the sociodemographic selectivity of 
these occupations interact to produce these 
results. 

The variable URBAN denoted migrants who 
had lived in towns of 2,500 or more in eastern 
Kentucky prior to moving. Our hypothesis 
was that small-town living was sufficiently dif- 
ferent from a rural background so that subse- 
quent adjustment to city life would be easier. 
The coefficient of 1,091 suggests that migrants 
from the relatively more urban environment of 
small towns in eastern Kentucky are less will- 
ing to return to eastern Kentucky. This is con- 
sistent with our hypothesis. The environmen- 
tal contrast between either Cincinnati or 
Lexington and a small eastern Kentucky town 
appears to be less than between these met- 
ropolitan areas and the rural countryside and 
small communities. 

Previous time lived in other cities outside 
eastern Kentucky (OTHERCIT), measured in 
months, did not influence psychic costs. As 
with the URBAN hypothesis, we expected 
such previous socialization to increase satis- 
faction with urban life. A major difference in 
the two variables may be that URBAN cap- 
tures early childhood upbringing, whereas 
OTHERCIT reflects experiences after leaving 
eastern Kentucky. Measures of formal job 
training experience (JOBTRN) and military 
training (MILTR) which should ease transition 
did not enter the final equation. Other vari- 
ables in table 1 with F-values above 1.0 but not 
significant at the .05 level of F (F = 3.84) had 
coefficients with signs consistent with our hy- 
potheses. 


The Relationship of Psychic Costs 
to Attitudinal Scores 


A closer examination of the data revealed that 
migrants were more satisfied with their 
jobs VOBSCORE) than with interpersonal 
relations (NTSCORE) or services in the 
city (SERCORE). The mean measure for 
JOBSCORE was 2.81 and the standard devia- 
tion was 0.68. The respective measures for 
INTSCORE were 3.82 and 0.94, and for 
SERSCORE, 2.95 and 0.70. 

Migration literature is replete with evidence 
that social adjustments to the urban environ- 
ment and psychological adjustment to the new 
urban work environment are the critical com- 
ponents of successful rural to urban migration. 
The cultural contrast between the rural Ap- 
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palachian migrants and the urban dwellers of 
major northern manufacturing centers has 
provided grist for popular novels and gener- 
alized sociological observation. Hence, an at- 
tempt to clarify the major components of this 


cultural distinction is important. At the same 


time, migrant attitudes toward the cities of 
Lexington and Cincinnati can be examined in 
greater detail than that provided by the regres- 
sion coefficient for CITY. 


Job Satisfaction (JOBSCORE) 


A battery of nine questions, each scaled to 
elicit one of six answers, was used to provide 
the index of relative job satisfaction. The sur- 
vey questions were constructed and pretested 
after extensive consultation with psycholo- 
Bists and a review of literature on worker satis- 
faction and need fulfillment.* 

A comparison of raw scores is presented in 
table 2 with t-tests. This provides an indica- 
tion of differences between Cincinnati and 
Lexington for each question. The only statisti- 
cally significant difference between cities 
among the responses were item (c) ‘‘My boss 
does not respect my work and ability." Cin- 
cinnati migrants were significantly more dis- 
satisfied on this issue. Overall, however, these 
scores reflect general job satisfaction to a 
greater extent than either of the other two 
satisfaction indices. As the regression results 
revealed, JOBSCORE did not significantly 
influence psychic costs. There was less varia- 
tion in the JOBSCORE responses than in the 
other indices. 


Interpersonal Satisfaction (INTSCORE) 


The significantly different attitude toward the 
boss' respect may indicate a general problem 
of interpersonal satisfaction. Table 3 reveals 
the scores by city for the eleven questions in 
the interpersonal satisfaction scale. Two ob- 
servations are relevant. First, the scores to 
these questions are relatively—though not 
significantly—higher (i.e., approximately one 
standard deviation difference), indicating 
more dissatisfaction than those in the job satis- 
faction battery. Second, migrants in Cincin- 
nati appear markedly less satisfied than those 
in Lexington, as reflected in the significantly 
higher scores for items (d), (i), G), and (k). As 
the regression results revealed, a single point 





“In addition to referenced literature, extensive discussions 
were held with industrial psychologists, Joan Lee, Center for 
Developmental Change, University of Kentucky, and S. Harold 
Simonetti, IBM Corporation, Armonk, NY. 
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Table 2. Raw Scores and Tests of Significance (t-Tests) of Migrant Attitudes toward Urban | 


Employment in Cincinnati and Lexington 





Lexington 


Cincinnati 
(N = 215) 





(N = 151) 


Mean 
Raw 


Attitudinal Statement Score? 


Standard 
Deviation 





Mean 
Raw 
Score? 


Standard 


Deviation t-values? 





a. I am satisfied with 
my present job. 

b. My present job does 

< mot make the best 
use of my skills 
and abilities. 

€. My boss does not 
respect my work and 
ability. 

d. Most of my coworkers 
are good friends. 

e. For the kind of 
work I do, I do not 
get paid enough. 

f. I have the kind of 
job that offers a 
secure future. 

g. A good thing about 
my job is that I am 
allowed to do my 
own work. 

h. The work here is 
safer than it is 
in eastern Kentucky. 

i. In general, I 
believe that working 
conditions here are 
better than they 
are in eastern Kentucky. 


2.25 


3.41 


2.36 


2.01 


3.63 


2.85 


2.22 


3.34 


2.25 


1.24 2.49 1.26 —0.71 


3.47 0.47 


2.83 —2.89* 


2.07 —0.40 


1.60 1.06 


1.56 —0.62 


2.41 —1.1 


3.37 —0.72 


1.19 2.47 1.27 —1.48 





* Raw scores are based on sample sizes of 151 and 215, respectively. All observations with unemployed migrants or missing scores were 
removed from the total samples of 161 and 235. Also, observations with missing values were omitted from the calculations of each 


response. 


* t-values based on separate variance estimates. Starred figures are significantly different from zero at the .05 level. 


change in INTSCORE contributed $1,206 to 
psychic cost, indicating a marked cultural dif- 
ference between Lexington and Cincinnati. 
However, this interpersonal dissatisfaction 
does not seem to carry over to the work place. 


Satisfaction with Urban Services 
and Facilities (SERSCORE) 


Twelve attitudinal statements on schools, 
traffic, medical care, recreation, and housing 
constituted the SERSCORE measure (table 4). 
The raw scores indicate that the migrants were 
most satisfied with medical services in 
Lexington and are least satisfied with 
Lexington traffic. Cincinnati migrants were 
most satisfied (i.e., strongly disagreed) with 
item (k) which stated, ‘‘Young people have a 
better chance in life in eastern Kentucky be- 


cause they can get a job more easily than they 
can here." The numbering system (1—6) was 
reversed for those items which stated a prefer- 
ence for eastern Kentucky conditions, so that 
low scores consistently reflect greater satisfac- 
tion with the city (e.g., statements d, e, and k). 
Cincinnati migrants were most dissatisfied 
with crowded housing and congestion (c) and 
city traffic (f). The responses to both items (e) 
and (/) reflected a general concern about rela- 
tively poor medical services in eastern Ken- 
tucky. 


Earned Income, Foregone Psychic Income, and 
Occupations 


Relationships among earned income, psychic 
costs, and occupations are of primary eco- 
nomic interest. They were analyzed by city by 
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Table3. Raw Scores and Tests of Significance of Migrant Attitudes toward Urban Interpersonal 


Associations 





Lexington 
(N = 151) 


Cincinnati 
(N = 215) 





Mean 
Raw 


Attitudinal Statement Score* 


Standard 
Deviation 





Standard 


Deviation t-values® 





a. I am dissatisfied 
with my associations 
with other people here. 

b. Here I have more of a 
chance to relax and enjoy 
myself than I did in 
eastern Kentucky. 

c. People in eastern Kentucky 
seem to understand me 
better than people here. 

d. My whole family is happier 
here than they were in 
eastern Kentucky. 

e. People here take an 
interest in my problems. 

f. If I lived in eastern 
Kentucky I would have more 
close friends than I 
have here. 

g. I have more friends to 
visit with here than I 
had in eastern Kentucky. 

h. People seem more friendly 
and easygoing here than 
in eastern Kentucky. 

i. I feel more free to do what 
I want in eastern Kentucky 
than I do here. 

j. It is important for a 
person to break away from 
his home community and live 
in a new place. 

k. People here look down 
on anyone from eastern 
Kentucky. 


2.21 


3.72 
3.01 
2.77 
3.36 
3.79 
4.19 
4.49 


3.07 


325. 


2.80 


1.12 2.33 0.95 0.04 


1.67 4.04 1.62 -1.27 


1.45 1.50 —1.92 


1.42 1.60 —3.63* 


1.41 1.45 —1.64 


1.61 3.75 1.50 0.85 


1.41 4.07 1.39 1.12 


1.21 4.59 1.12 -1.02 


1.52 3.68 1.51 -2.78* 


1.51 3.58 1.46 —3.12* 


1.32 3.28 1.52 —2.92* 





* Raw scores are based on samples of 15] and 215, respectively. All observations with missing scores were excluded from the calculation 


of each response. 


> r-values based on separate variance estimates. Starred figures are significantly different from zero at the .05 level. 


grouping the respondents according to their 
relative satisfaction. Scores ranging from 1.0 
to 3.0 were designated ‘‘satisfied’’; between 
3.0 and 4.0, "indifferent"; and 4.0 to 6.0, 
‘‘dissatisfied.’’ Table 5 provides a comparison 
between the frequency in each satisfaction 
category with the mean family earned, non- 
asset income, and the level of psychic cost 
displayed as foregone psychic income. 
Positive values for psychic costs indicate 
dissatisfaction with aspects of city life. The 
higher the psychic cost, the more willing is the 
family to accept a lower income to return to 
eastern Kentucky. Therefore, by remaining in 
the city, the migrant is foregoing psychic in- 


come whenever a positive value occurs. Posi- 
tive psychic costs can be conceptually viewed 
as foregone psychic income, or foregone con- 
sumer surplus in Sjaastad's terms. 

This display of data is consistent with our 
earlier results. It reveals that most migrants 
were content with their jobs. No particular 
pattern emerged with regard to either the level 
of earned income or foregone psychic income. 
Such a clear pattern of job satisfaction was not 
expected in this study. It runs counter to the 
popular view that Appalachian workers have 
difficulty adjusting to urban employment. 
They seem relatively content with their jobs. 

A far greater proportion of migrants fall into 
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Table 4. Raw Scores and Tests of Significance of Migrant Attitudes toward Urban Services 


Lexington 
(N = 151) 


Cincinnati 
(N = 215) 


Standard 
Deviation 


Standard 


Attitudinal Statement Deviation 


t-values^ 





a. It is easier to do shopping 
and carry out personal 
business here than it was 
in eastern Kentucky. 

b. I live in better housing 
here than I did in 
eastern Kentucky. 

c. Housing here is too 
crowded. There are too many 
people living close 
together. 

d. Considering everything, 
people are better off 
living in eastern Kentucky 
than an area like this. 

e. I feel safer living in 
eastern Kentucky where 
there are better medical 
services. 

f. One of the worst things 
about living here is the 
traffic. 

g. Considering everything: 
schools, jobs, friends, and 
family, this is a better 
place to raise a family 
than eastern Kentucky. 

h. It is easier to get around 
here than it is in 
eastern Kentucky. 

i. The movies, parks, and 
public facilities here 
provide more opportunity 
for recreation than I had 
in eastern Kentucky. 

j. Children here get a better 
education than they do in 
eastern Kentucky. 

k. Young people have a better 
chance in life in eastern 
Kentucky because they can 
get a good job more easily 
than they can here. 

l. Medical services in eastern 
Kentucky are not as 
available as they are here. 


2.53 


2.93 


3.95 


2.80 


1.80 


4.49 


2.86 


3.34 


2.19 


2.55 


1.99 


2.15 


1.37 2.53 1.17 —0.23 


1.49 3.06 1.48 —0.05 


1.50 4.51 1.20 —2.37* 


1.38 3.47 1.47 —3.18* 


0.73: 2.17 0.87 


1.34 4.24 1.37 


1.37 3.74 1.49 


1.46 3.59 1.47 


1.13 2.87 1.37 —3.63* 


1.34 1.42 —3.41* 


0.77 2.01 0.62 —0.93 


1.18 . 2.49 1.13 —2.93* 





* Raw scores are based on samples of 151 and 215, respectively. All observations with missing scores were excluded. 
* ¢-values based on separate variance estimates. Starred figures are significantly different from zero at the .05 level. 


the ‘‘indifferent’’ and ''dissatisfied" catego- 
ries with respect to interpersonal associations 
in the city. The modal group in Lexington is 
‘‘indifferent’’ while the ‘‘dissatisfied’’ group is 
modal for Cincinnati. Lexington migrants are 
more or less evenly distributed on each side 
of indifferent, while the Cincinnati migrants 
are skewed toward dissatisfaction. 


Descriptive data on these samples revealed 
that Lexington migrants were more highly 
educated, migrated at a younger age, and oc- 
cupied higher status job categories. These fac- 
tors likely contribute to a more pleasant and 
rapid socialization process in Lexington. Also, 
the cultural differences between Lexington, a 
“native state” city and Cincinnati, a northern 
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Table 5. Migrants’ Levels of Revealed Satisfaction 

















Lexington Cincinnati 
Foregone Foregone 

Levels of Earned Psychic Earned Psychic 
Satisfaction N Income Income N Income Income 
Job 

Satisfied 101 9,985 160 148 9.987 2,779 

Indifferent 39 8,392 ^- 623 54 9,978 4,195 

Dissatisfied 2 10,454 6,434 8 8,541 2,202 
Interpersonal 

Satisfied 41 9,614 ~2,525 51 9,677 624 

Indifferent 71 9,599 - 80 70 10,370 3,748 

Dissatisfied 37 8,574 1,603 88 9,585 3,855 
Service & facility 

Satisfied 110 9,384 — 687 108 10,154 2,415 

Indifferent 37 9,422 725 86 9,500 3,493 

Dissatisfied 2 6,024 1,464 15 9,958 5,220 





city, likely contribute to the greater alienation 
of Cincinnati migrants. This is consistent with 
a related study by Morgan and Deaton. 

The psychic income levels are consistent 
with these hypotheses. Although earned in- 
come does not vary significantly by level of 
satisfaction, the psychic income shows a dis- 
tinct pattern. The willingness to give up in- 
come varies directly with the level of dissatis- 
faction. The Lexington migrants who are 
either ‘‘satisfied’’ or ‘‘indifferent’’ would have 
to be subsidized to return to eastern Ken- 
tucky, but the ‘‘dissatisfied’’ group would give 
up an average of roughly $1,600. 

The Cincinnati migrants in every category 
would give up income to return to their home 
region. *‘Satisfied’’ migrants would give up an 
average of only $624, but the seventy ‘‘indif- 
ferent” families would give up $3,748 and the 
''dissatisfied"' group, $3,855, more than a third 
of the earned income for the latter two groups. 

Satisfaction with city services and facilities 
followed a pattern similar to job satisfaction. 
Most migrants are content with service avail- 
ability and quality in the city, with Lexington 
migrants more content than Cincinnati mi- 
grants. The fifteen families who were dis- 
satisfied in Cincinnati indicated a willingness 
to forego, on the average, well over half their 
income to return to eastern Kentucky. 


Conclusions 


The psychic costs reported in this sample of 
rural-to-urban migrants reflect preferences for 
rural life and more familiar social surround- 
ings. Income differentials suggest that migra- 


tion, at least in some cases, is associated with 
negative private externalities and that interre- 
gional factor price differentials are inadequate 
measures of relative welfare. These findings 
are consistent with Hoch's hypothesis that the 
Observed interregional wage differentials rep- 
resent, in part, compensation for disutility as- 
sociated with urban life and that disutility in- 
creases with city size. The smaller city of 
Lexington, Kentucky, was clearly preferred to 
the larger metropolitan area of Cincinnati, 
though each is close to the area of origin. A 
decade of change in both rural and urban areas 
may alter some of the measured perceptions 
reported in this study which used 1971 data. 
These measures are consistent with the 
urban-to-rural population movements experi- 
enced recently. 

The satisfaction measures indicate that the 
quality of work in the city may be aless impor- 
tant deterrent to migration and successful so- 
cial adjustments than the quality of the social 
and physical surroundings. Perhaps the social 
linkages between rural communities and 
nearby cities, regardless of size, are the most 
important determinants of psychic costs. 

Interregional income differentials can be 
expected to persist indefinitely, as long as 
nonpecuniary externalities of economic activ- 
ity play a major allocative role. Programs that 
assist migrants to adjust to urban environ- 
ments may lower psychic costs and help 
eliminate the high personal and economic 
costs associated with ‘‘return’’ migration from 
urban back to rural areas of origin. The results 
of this study suggest that a significant propor- 
tion of migrant dissatisfaction can be ex- 
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plained by demographic measures. Develop- 
ment planning should be sensitive to psychic 
differentials associated with different popula- 
tion characteristics. 

The frustrations of interpersonal interac- 
tions may be significantly reduced if migrants 
understand urban life better. For newcomers 
to the city, socialization programs can be of- 
fered through school systems, state employ- 
ment services, and community organizations. 
In determining the optimal mix of urban and 
rural-oriented human resource development 
policies, the net social benefits of these pro- 
grams should be compared with those of pro- 
grams that induce firms to locate in rural 
areas. 

Government investments have influenced 
the flow of migrants by altering income and 
employment opportunities in rural and urban 
areas. The urban to rural trends of industry 
and population may reflect the success of 
these policies. The results of this study imply 
that the determinants of psychic costs con- 
tribute to the same trends. Policy makers 
should consider the impacts of all these factors 
upon migration flows if desired population dis- 
tribution is to be achieved and undesirable 
consequences avoided. 

These results provide evidence that decen- 
tralizing industry may generate an increase in 
societal well-being that goes beyond im- 
provements in rural wages. Job opportunities 
at acceptable real wages in rural communities 
provide opportunities for a significant number 
of return migrants from urban areas. Appar- 
ently, these return migrants avoid substantial 
psychic costs which will never enter an ac- 
counting stream but, nevertheless, contribute 
to personal utility. Few would doubt that all 
society is the beneficiary. 


[Received April 1980; revision accepted 
September 1981.] 
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Constraints on Oxen Cuitivation 


in the Sahel 


Christopher L. Delgado and John McIntire 


Ox-powered cultivation is common in parts of the Sahel, yet most farmers in the region 
continue to cultivate manually. Insights from oxen farms in Mali are compared to 
nonadopters in Upper Volta. Ox-driven technology in the Sahel may be more labor 
shifting than labor saving. Linear programming models indicate a prohibitive opportunity 
cost of extra labor required for team maintenance and use on small, rainfed farms 
growing traditional millets and sorghums in Upper Volta. Farm simulations suggest that 
ox plowing increases cash crop acreage, but clearly profitable adoption requires 
companion innovations to boost labor productivity in peak periods. 


Key words: animal traction, labor, linear programming, oxen, Sahel, technology 


adoption. 


This paper attempts to clarify why farmers in 
some areas of tse-tse-free West Africa have 
rapidly adopted animal traction using oxen 
(ATO) in recent years, while most cultivators 
in the dry, savannah areas of the coastal states 
and the Sahelian nations (collectively the 
‘‘Sahel’’) have not. The use of cattle as draft 
animals is viewed as a major change in the 
farming system because it involves major 
shifts in resource utilization and constraints. 
The major hypothesis is that ATO in isolation 
from companion innovations provides only 
marginal improvements in net returns to farm 
labor in much of the Sahel. Under these condi- 
tions, the benefits of the new power source 
can be wiped out by costs of new resource 
bottlenecks farmers face as they adopt the 
new technology. Evidence from a farm man- 
agement survey of nonadopters in a dryland 
millet area of Upper Volta is contrasted with 
that from a survey of oxen users in a flooded 
rice/dryland millet area of Mali. A hypotheti- 
cal model of farm resource allocation oppor- 
tunities is constructed from the Voltaic data 
with added ATO options specified from the 
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Malian research under assumptions favorable 
to ATO use. Maximum potential increases in 
farm income and the required resource reallo- 
cations stemming from adoption of ATO are 
then discussed. 


Cattle Entrustment and ATO in the Sahel 


Although many farmers in the Sahel own cat- 
tle, relatively few look after the animals them- 
selves. Typically, cattle are entrusted to spe- 
cialized herding groups such as the Fulani, 
who often live outside the villages of seden- 
tary crop cultivators (Delgado 1979b). The 
herdsmen thereby gain milk, manure, goodwill 
from farmers who control the land, and occa- 
sional cash payments. Farmers reap the ap- 
preciation in the value of the livestock. Even 
in the absence of inflation, it is often profitable 
to hold on to older bullocks. In West Africa, 
the value per head may continue to increase 
past age eleven ceteris paribus (Herman), 
while the marginal entrustment cost for pastur- 
ing on the common range is relatively low. 
Mortality is also lower for older, proven, ani- 
mals (Delgado 1979b). 

Farmers who invest in cattle, in Upper 
Volta at least, are typically forced to choose 
between maintaining the animals themselves 
or year-round entrustment (Delgado 1979b). 
This is because herders wish to leave the 
populated zones on seasonal migration (trans- 
humance) at least two months before the be- 
ginning of the rainy season, in search of pas- 
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ture. Farmers, on the other hand, cannot eas- 
ily maintain stock in the village area at this 
time. In fact, there would be little motivation 
for entrusting animals to the Fulani at all if 
owners wished to maintain cattle on the farm 
through both the hot, dry period and the ag- 
ricultural growing season. 

The choice of most Sahelian smallholders to 
entrust their cattle stymies attempts to intro- 
duce integrated crop-cattle farming, often re- 
garded as an important element of agricultural 
progress. ATO, in particular, frequently has 
been advocated by agricultural advisors as the 
single most important technical innovation 
available to farmers in the region (Zerbo and 
Le Moigne, Johnston). The expected benefits 
of ox plowing hinge on increased timeliness of 
sowing (Le Moigne), better soil structure, 
water infiltration, rooting, and the mainte- 
nance of soil fertility with manure (Nicou and 
Poulain). 

In light of projected benefits for ATO and 
the obvious success of these technologies in 
Asia, it is not surprising that the introduction 
of bullock-driven technology in the Sahel is 
widely advocated. Lichte estimates that there 
have been at least 125 agricultural develop- 
ment projects in Francophone West Africa 
since the 1930s that emphasize animal traction 
technology.! 

Given the strong policy thrust in favor of 
ATO projects, it is puzzling to note the poor 
adoption and high abandonment rates ob- 
served in many projects throughout the region 
(Delgado 19792). Average equipment densities 
per net sown hectare vary widely over the 
Sahel. Le Moigne estimates that in 1977 there 
was one plow for every 12 hectares in Mali but 
only one for every 190 hectares in Upper 
Volta. The figure for India in 1966 was one 
plow per 3.4 hectares (Government of India). 
Among the Sahelian countries, Mali had the 
highest density of plow oxen in 1975 at one per 
11 hectares. However, the growth rate in 
numbers of plows used in Mali fell from 9% 
per annum in the 1960s to 2% per annum from 
1973 to 1976 (Zerbo and Le Moigne). 


A Hypothesis to Explain Nonadoption 


Lack of profitability is a sufficient explanation 
of nonadoption of a new technology. The re- 
turn to family labor is an appropriate profit- 
ability criterion from the farmer's viewpoint in 


! Personal communication, 1979, 
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Africa's labor constrained systems (de Wilde; 
Lele; Newman, Ouedraogo, Norman). Sea- 
sonal labor bottlenecks may be so tight in 
some areas that the most profitable cropping 
pattern is largely determined by the relative 
returns to labor in these peak periods (Nor- 
man, Pryor, Gibbs). The weeding of cereals in 
July and the November harvest are periods of 
particularly intense activity. As elsewhere in 
the Sahel, the lack of an elastic supply of hired 
seasonal labor in Upper Volta forces most 
small farmers to rely upon family and coopera- 
tive labor to overcome peak labor demands 
(Delgado 1979a). 

The nature of ATO technology with respect 
to labor use is especially important in this con- 
text. Adoption of ATO could be unprofitable if 
it is more labor shifting than labor saving. This 
could occur if work requirements increased in 
periods when the opportunity cost of labor is 
relatively high, even if total labor use per hec- 
tare is diminished. It is even possible that total 
labor input per unit of output increases under 
some circumstances. Clearly profitable use of 
ATO requires that higher labor returns at cer- 
tain times of the year more than compensate 
for net cash costs of adoption and lower re- 
turns to labor during other periods. 

Various writers have observed that the ATO 
packages recommended in Africa often ne- 
glect the very real bottlenecks of weeding and 
harvesting (Lele, Von Rotenhan). Experiment 
station data for draft cultivation of sorghum in 
Upper Volta show a 17% decrease in seedbed 
preparation time compared to a 10% increase 
in weeding time per hectare and a doubling of 
the harvesting labor requirement relative to 
traditional manual cultivation (Dupont de 
Dinechin et al.). Citing Senegalese farm data, 
Le Moigne claims that the use of ox plowing 
adds twenty-four to thirty man-days per hec- 
tare to labor requirements for cotton and eigh- 
teen to twenty-four for millet. In the latter 
case, half the extra labor is required to cope 
with higher yields, while a third is needed for 
increased weeding. Weed growth per hectare 
is increased because crops must be grown in 
rows far enough apart to accommodate oxen. 
Furthermore, increased need for weeding and 
harvesting labor per hectare with ATO is ag- 
gravated by the extension of acreage that usu- 
ally accompanies the new traction power 
source. 

In principle, inclusion of an animal-drawn 
hoe in ATO packages should decrease weed- 
ing items. However, less than one-fifth of par- 
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ticipants in twenty-seven ATO projects sur- 
veyed in the Sahel used weeding equipment, 
although it was part of the package in twenty 
of the projects reviewed (Sargent et al.). The 
reluctance of Sahel farmers to risk crops with 
ATO after they are knee-high has been widely 
noted (de Wilde; Delgado 1979a; Newman, 
Ouedraogo, Norman). This ubiquitous result 
suggests problems with the technology rather 
than problems with farmers' attitudes. 

In addition to labor requirements during the 
cropping season, use of ATO technology on 
small farms involves substantial increases in 
dry season labor to maintain animals formerly 
entrusted to migrating Fulani herdsmen. Ob- 
taining water and pasture requires trips far 
afield at precisely the time oxen must be 
readied for maximum work effort. Farm labor 
tied up in an ATO unit may have a high oppor- 
tunity cost in terms of off-farm work. This is 
especially true in Upper Voita and Mali where 
many young men spend the dry season in 
coastal countries as migrant workers or petty 
tradesmen. 

The results of profitability studies in two 
very distinct Sahelian environments will be 
presented and compared to test the op- 
portunity-cost-of-labor hypothesis. The first 
study involves a millet-sorghum-peanut area 
of Upper Volta. Here ATO adoption has been 
negligible despite many efforts to the contrary 
(Delgado 1979a). The second examines ATO 
in smallholder irrigated paddy farming in Mali. 
Here ATO has a long and successful history 
(McIntire 1980). 


A Casual Comparison of Oxen Profitability 


Delgado generated a complete set of input- 
output production data for forty-one farms 
randomly selected from two villages in the 
Tenkodogo district in southeast Upper Volta 
(19792). The survey included labor allocations 
to all activities, derived from twice-weekly in- 
terviews repeated from April 1976 through 
May 1977. At the end of the survey, there 
were reportedly 750 plows in the district for 
roughly 370,000 people, despite efforts over 
twenty years to introduce ATO practices 
(Zerbo and Le Moigne). À companion survey 
of twenty Fulani households determined the 
major requirements for maintaining cattle in 
that area. 

The. main crops are millet, sorghum, 
peanuts, cowpeas, and bambara groundnuts 
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on upland soils and swamp rice in lowland 
areas. Annual rainfall is typically between 900 
and 950 millimeters per year. Hired labor is 
not generally available because job seekers 
tend to migrate to the coast. 

In 1976, the average eight-person family 
farm surveyed consisted of 3.85 hectares of 
crops spread over seventeen widely scattered 
fields. Roughly four-fifths of the mean small- 
holding was devoted to crop combinations in- 
volving millet and sorghum. The average 
household owned one or two cattle and a half 
dozen small ruminants. Cattle were never kept 
on the farm but entrusted to nearby Fulani 
herdsmen. 

A simple linear programming model was 
constructed, based on (a) observed fortnightly 
labor allocations to various cropping ac- 
tivities, (6) hypothetical livestock activities 
based on the herder survey, and (c) hypotheti- 
cal crop activities using ATO. The latter in- 
corporate percentage increases in crop yields, 
decreases in seedbed preparation time, and 
increases in weeding and harvesting labor re- 
quirements, all drawn from experiment station 
information. (See Delgado 1979a, for details.) 
The model assumed that farmers have suf- 
ficient resources either to purchase an oxen 
team for farm use or to entrust two head of 
cattle to the Fulani year-round, but not both. 
Entrusting two plow oxen to the Fulani only 
during the dry season was not considered. 
This is because the Fulani herds are typically 
60 kilometers away from farming villages in 
search of pasture for two months after the 
start of the plowing season (Delgado 1979b). 

The conclusion suggested by this rather 
simple approach was that farmers are better 
off investing livestock capital through en- 
trustment to the Fulani for beef production 
rather than using it for plow oxen maintained 
on the farm. This holds even if the team can be 
sold for meat after several years, because the 
cost of ATO is essentially the opportunity cost 
of maintaining the team year-round. This cost 
is prohibitive because little labor is saved in 
weeding and harvesting and relatively low ben- 
efits occur for the traditional varieties of food 
grains. 

In contrast with most of Upper Volta, ATO 
practices are widespread in arable Mali (Zerbo 
and Le Moigne). McIntire surveyed 152 ran- 
domly selected households in the Opération 
Riz area of Ségou from September 1977 to 
January 1978. Virtually every farm used ATO. 
Twenty-one households averaging eight in- 
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habitants were interviewed more intensively 
to obtain farm management information.? The 
mean smallholding in the subsample was 5.1 
hectares, four-fifths of it under irrigated rice. 
The remainder was planted to millet and 
peanuts on upland soils. 

Linear programming was used to evaluate 
the profitability of ATO; plowing services 
could be rented in July for 10,000 Malian 
francs (FM) per hectare, the mean observed 
rate in Ségou in 1977.3 Oxen ownership was 
not evaluated for the model, but ATO rental 
proved to be highly profitable in every case 
considered. The main benefits from ATO use 
stemmed from extension of holdings and sub- 
stitution of rented oxen hours for hired manual 
labor hours during the July seedbed prepara- 
tion bottleneck. Total labor input, including 
family labor, increased in the model as a result 
of the ATO option. Significantly, the overall 
profitability of ATO was contingent on the 
availability of a flexible source of hired labor 
later in the year. In both actual observation 
and model simulation, per hectare yield ben- 
efits from ATO were difficult to distinguish 
from effects of increased and more timely fer- 
tilizer use. 

A comparison of survey results from Ten- 
kodogo and Ségou suggests that two important 
factors contribute to greater ATO profitability 
in the latter. First, of course, is the difference 
in crops. High-yielding rice, like cotton and 
maize, requires extensive seedbed prepara- 
tion. Millet, on the other hand, requires little 
or no tillage on the sandy upland soils of Ten- 
kodogo. ATO in the Sahel typically is used for 
seedbed preparation, and it simply may not be 
practical unless rice, cotton, or maize are 
widely grown. Second, hired labor availability 
during the rainy season also distinguishes 
Ségou from Tenkodogo. Young Tenkodogo 
men desiring wage work tend to migrate to 
Ivory Coast for seasonal or year-round jobs at 
higher wages than at home. This suggests that 
intensification technology is not viable when 
seasonal labor is severely constrained. 

Accordingly, investigating how resource 
constraints determine ATO profitability nar- 
rows to testing the importance of (a) the po- 
tential for expansion of acreage into high- 
yielding crops that require extensive seedbed 


? Recall, census, and informant techniques were used; time 
limitations prevented a detailed cost-route survey of the type 
Delgado did for Tenkodogo. 

? 10,000 Malian Francs (FM) = 5,000 West African Francs 
(CFA) = approximately US$22.75 in 1976. 
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preparation labor and (b) the flexibility of 
labor supply at times of peak labor demand. 
The framework is the original model for the 
nonadopting area, Tenkodogo. More flexibil- 
ity will be added by providing options to hire 
labor and grow selected crops not usually 
planted in Tenkodogo. The range of oxen- 
drawn implements, such as carts, and live- 
stock opportunities also will be expanded. The 
goal is to identify important missing elements 
in the Tenkodogo environment affecting ATO 
profitability. The additional flexibility in the 
model, although unrealistic, helps ensure that 
unprofitability for ATO is not simply a result 
of an overly rigid model. 


A Hypothetical Farm Model of ATO 
in the Sahel 


A composite linear programming farm model 
was constructed for a Tenkodogo-like envi- 
ronment in order to simulate major trade-offs 
in the farming system, given resource avail- 
ability, costs, and the Tenkodogo price envi- 
ronment of 1977. Then hypothetical livestock 
and ATO activities were added, based on the 
Ségou model. This is better than using exper- 
iment station data because a significantly 
greater degree of flexibility in the number of 
options available is added. To further increase 
the scope for analysis, some hypothetical 
cotton-growing enterprises also were devised 
based on Malian farm management norms for 
an area just south of Ségou (République du 
Mali). 

Rice, peanut, millet, and cotton enterprises 
(observed in Ségou) may not be real options 
for Tenkodogo farmers. In fact, it is unlikely 
that irrigated rice or cotton will ever be an 
important part of the Tenkodogo farming sys- 
tem. However, it is permissible for present 
purposes to add these extra options, provided 
that significant real opportunities also are in- 
cluded. This is because the objective is to il- 
lustrate some major constraints to ATO 
profitability, not to promote it. The goal here 
is simply to observe trade-offs among produc- 
tion strategies as input supplies and technolog- 
ical options are varied. This permits a clear 
view of the opportunity costs when a radically 
different set of (ATO) enterprises is added to a 
well-defined farming system. 

The new model contains 115 activities and 
64 constraints. The core is a dense matrix of 29 
crop and livestock enterprises, estimated from 
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the Tenkodogo survey data. Labor supplies 
and requirements are specified on a fortnightly 
basis. Four types of land are available for use 
in quantities consistent with average holdings 
observed in Tenkodogo. The additional ac- 
tivities estimated from the Ségou data are 
added to the core in groups depending upon 
the simulation desired.* They represent a 
series of ATO crop enterprises, some manual 
crop enterprises not observed in Tenkodogo, 
and a series of oxen rental or hiring options. 
Options to hire labor at Ségou rates are also 
specified, although not observed in Ten- 
kodogo. In the simplest form, the model is an 
improved version of the Tenkodogo farm 
model used by Delgado (1979a). In the full 
form, the model includes more flexibility than 
any farmer in the Sahelian savannah is likely 
to possess. This gives ATO more than a fair 
chance at hypothetical profitability in Ten- 
kodogo. Different runs can be made in include 
or exclude cotton or irrigated rice. Manipula- 
tion of land constraints permits modeling the 
effects of lower population density and greater 
access to irrigated or more fertile soils. 
Given the importance of labor constraints, it 
is instructive to note the differential effect of 


* The main specification problems lay in harmonizing the as- 
sumptions concerning labor requirements, labor availabilities, tim- 
ing of inputs, prices, costs, soils, and yields as specified in the two 
models. With labor coefficients and availabilities, the guiding prin- 
ciple was to adjust the unit scale of one model vis-à-vis the other 
without changing the distribution and relative size of requirements 
within a given activity. 


Table 1. 
Tenkodogo and Ségou 
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ox plowing on labor use for millet (the food 
staple) and peanuts (the major cash crop in 
Tenkodogo). Table 1 shows that ox-driven 
technologies in Ségou use less labor than 
manual practices in Tenkodogo. In an absolute 
sense, therefore, animal traction appears to be 
labor-saving per hectare of land, a more op- 
timistic assumption than the cited literature 
suggests. Even so, a differential pattern be- 
tween crops emerges regarding returns to 
work. For food grains, the returns to total 
labor inputs are higher with traditional manual 
intercropping. For peanuts, however, the re- 
verse is true. To the extent that the system is 
labor constrained at weeding and harvesting 
times, ox plowing is more likely to be useful 
the greater the proportion of holdings devoted 
to the cash crop as opposed to the food crop. 


Results: The Profitability of ATO on 
Three Farm Types 


Results for small, rainfed farms without the 
option of hired labor are shown in table 2. The 
models simulate conditions in Tenkodogo with 
the added ATO options of Ségou for rainfed 
crops. The results show that ATO increases 
farm income if farmers can contract for ox- 
plowing services at Ségou rates. Even so, the 
optimal strategy selected by the small, rainfed 
farm models is to use oxen on half the land, 
generally maintaining intensive manual inter- 


Observed Differences in Yields and Labor Inputs per Hectare between Technologies in 

















Crop Food Grains (Millet) Cash Crops (Peanuts) 
Manual Ox-driven Manual Ox-driven 
Technology Tenkodogo Segou Change (26) Tenkodogo Segou Change (76) 
Yield in kg./ha. Millet 280 500 Peanuts 346 600 
Cowpeas 672 B. g'nuts^ 180 

Net revenue in CFAF/ha.* 23,500 16,400 —30 19,500 26,400 +35 
Seed bed preparation labor 42 man/days 20 -52 25 22 +12 
Weeding and thinning labor 30 25 -17 47 22 —53 
Harvest labor 29 34 +17 48 30 —38 
Total labor 101 89 —12 120 74 —38 
Return in CFA per man/day 

of total labor input 233 184 -21 163 357 +119 
Return in CFA per weeding 

man/day 783 656 —16 415 1,200 +189 
Return in CFA per harvest 

man/day 1,022 482 —53 406 880 +117 





Note: The Tenkodogo figures measure averages in 1976 for manual intercropping three weeks apart without rows (Delgado 1979a). The 
Ségou figures represent averages in 1977 for cultivation in line (McIntire 1980). Both sets of figures refer to in-village land not fertilized 


with organic matter from the compound. 


a At 1976 (220 CFAF = US$1.00) Tenkodogo prices and cash costs. 


> Bambara groundnuts. 
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Table 2. Optimal Solutions for Models of Small Rainfed Farms without Hired Labor 
Model A Model B (Model C Model D 
Actual Maximum (Manual (Ox Culti- (Model B+ (Model C + 
Average for Crops + vation + Mandatory Team Can 
. (N= 41) Average on-farm Optional Ownership) Be Rented 
Units Tenkodogo  Farm* Cattle — Ownership)* Out) 
Maximum attainable 1,000s 
able farm income CFA 125 138 163 187 135 183 
Total cropped 
area? ha. 3.83 3.32 3.32 4.40 4.19 3.38 
Area cropped in l 
millet and sorghum ha. 3.27 2.93 2.93 1.53* 1.48* 1.42* 
Area cropped in 
peanuts and cotton ha. 0.27 0 0.15 2:72 2.29 1.63 
Total of oxen team days 
team/days used (1 day = 4h) 0 0 0 19 18 12 
Level of oxen pairs of 
team ownership oxen 
chosen 0 0 0 0 1 team 1 team 
Percentage of holding 
on which 
oxen are used 96 0 0 0 51 42 36 








à The optimal strategy at average prices and yields differs from the average actual pattern principally through the smaller area devoted to 
cereals (millet, sorghum) and cassava (not shown). This can be interpreted as farmers' risk-management strategy to ensure adequate 
food supply. 

* [ncludes stall feeding of cattle with project-supplied concentrates as practiced in Ségou. It shows that mixed farming may be profitable 
if cattle feeding is limited to the slack period before the end of the dry season. This precludes animal draft cultivation, which begins at this 
time. 

* Ownership includes two oxen, a plow, hoe, cart, and associated labor requirements and maintenance costs; if oxen are not kept, then 


ATO may still be used by hiring at 5,000 CFA/hectare for plowing and 500 CFA/4 hours for transportation. 
* Also includes areas cropped in paddy, maize, cassava, and vegetables. 
* Food production falls very little relative to Model A despite a decrease in acreage. This is due to significantly higher yields from using 


manure and a shift to higher-yielding food crops. 


cropping of food grains to assure food supply. 
This is consistent with the finding by Norman 
that traditional manual mixed cropping of food 
crops yields better returns per man hour in the 
bottleneck season (Norman, Pryor, Gibbs). It 
is also consistent with observations in Eastern 
Upper Volta, where an average of 59% of the 
fields in a 1978 sample of ATO farms were 
plowed with oxen, the remainder being 
worked by hand. Given the importance of 
millet and sorghum on the small, rainfed farms 
modeled, the potential increase in farm in- 
come from the introduction of ATO in the 
absence of hired labor is an estimated 1596 
(comparing Models A and B, table 2). 

In the case of team ownership, the profit- 
ability constraint is even more serious. Maxi- 
mum attainable farm income actually de- 
creases by 1796 on small, dryland farms if 
farmers maintain their own team and are not 
permitted to rent it out (compare A and C, 
table 2). On the other hand, attainable income 
increases 12% relative to the pure manual case 


5 Personal communication from David Wilcock, 1980. 


if the farmer can rent out his team when not 
using it (compare A to D, table 2). However, if 
such a rental market exists, farmers should 
contract for their needs (compare B and D, 
table 2). In sum, the recurring costs of mainte- 
nance are sufficiently great relative to benefits 
on the 4-hectare dryland holdings typical of 
Tenkodogo that individual team ownership is 
dubious at best. 

On small, rainfed farms without hired work- 
ers, the opportunity cost of labor resources 
required to maintain a team is the most impor- 
tant constraint to ATO profitability. The major 
bottlenecks in the system are millet harvest 
labor in November and, to a much lesser ex- 
tent, weeding labor in July. Animal traction 
per se can reduce the first problem if carts are 
used; the shadow price of November labor is 
cut by one-half with contract carting in Model 
B. However, the opportunity cost of labor in 
ATO models at weeding time (late June and 
July) increases by a factor of two to three as 
extra demands on a fixed supply of labor arise 
from expanded acreage and team mainte- 
nance. The predominance of the latter as a 
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cost factor may be seen in the 28% decline in 
optimal revenue moving from Model B, where 
plowing services are contracted, to Model C, 
in which the team and equipment are main- 
tained year-round. 

Furthermore, a serious, new, labor 
bottleneck appears in May in Model C (table 
2). This is the end of the dry season, when 
considerable effort is required to feed and 
water oxen and spread the dung. These extra 
burdens compete with the traditional tasks of 
field clearance. The opportunity cost of main- 
taining a team without hired labor (Model C) is 
sufficiently high relative to the pure manual 
case to offset the extra returns from a 20% 
increase in total acreage, including the sub- 
stitution of 2 hectares of cash crops for 1.5 
hectares of food grains. 

What happens if the resource constraints of 
the Tenkodogo situation are gradually re- 
laxed? An infinitely elastic supply of hired 
labor is assumed to exist. Results are shown in 
table 3. Maximum attainable income in the 
pure manual case (Model E) is approximately 
the same as if hired labor were not available 
but ATO units could be rented. (Models B and 
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D, table 2). This suggests substitutability be- 
tween hired labor and hired ATO units, but 
does not resolve the question of ATO unit 
ownership on small, rainfed farms. 

The effect of adding ATO to models with 
labor-hiring options (F, G, and H, table 3) is to 
double the acreage of cash crops in the optimal 
solutions and to intensify food production on a 
smaller area of higher-yielding, manured 
grains. However, maximum attainable farm 
income under these conditions increases only 
9% relative to the pure manual case with hired 
labor. This suggests, ceteris paribus, that the 
profitability of ATO with hired labor is closely 
linked to the ratio between the value of cash 
crops and the cost of hired labor per hectare. 

The models provide insight into the role of 
ATO as an acreage expander. In Models I and 
J, rainfed-land constraints are virtually elimi- 
nated. In the most profitable case, the optimal 
strategy is to double acreage to 9.7 hectares, 
with 70% under cash crops, and contract for 
all plowing services (Model J). However, 
maximum attainable farm income is still only 
25% above the pure manual case. This occurs 
because of the high cost of the extra man-days 


Table 3. Optimal Solutions for Farm Models with Hired Labor 








Model H 
(Small 
Model E Model F Farm, Model J 
(Small, (Small Model G ATO Model I (Large Model K 
Rainfed Farm, (Small Ownership (Large Farm, (Large 
Farm, ATO Farm, Mandatory, Farm, ATO Ségou 
ATO Ownership | ATO ButCanbe ATO Ownership Irrigated 
Not or Hiring Owernship Rented Ownership or Hiring Land 
Units Possible) Optional)* Mandatory) Out) Mandatory) Optional) Endowment)> 
Maximum attainable 
farm income CFA 1,000s 184 199 144 200 173 228 488 
Total cropped area ha. 4.29 5.01 4.63 5.00 7.34 9.71 8.11 
Area cropped in 
millet and sorghum ha. 2.24 1.26 1.23 1.26 2.03 2.49 1.24 
Area cropped in 
peanuts and cotton ha. 1.56 3.36 3.01 3.35 4.93 6.82 2.07 
Area cropped in paddy ha. .04 .04 04 04 .04 04 4.45 
Level of oxen team pair of 
ownership chosen? oxen 0 0 1 I 1 0 1 
Total oxen days used team-days 0 15 26 17 55 71 64 
Total man-days of 
hired labor man-days 9 79 74 69 192 259 251 
Percentage of holding 
farmed with oxen % 0 34 52 25 66 64 88 





Note: Hired labor evaluated at 400 CFA/man-day from May to December and 250 CFA otherwise. Large farms are endowed with 8 
hectares of good cotton land and unlimited access to cleared bush land. 


* See note c, table 2. 


^ Includes 3.75 hectares of nearby rainfed land, 4.7 hectares of irrigated paddy land, and unlimited access to bush land. 
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required to weed and harvest the larger and 
more labor-intensive crop (160 more paid days 
in J than in E). The main effect of larger farm 
size is to shift the labor problem from the 
opportunity cost of team maintenance to the 
new labor requirements for expanded crop 
cultivation. 

ATO becomes really profitable when major 
changes in seed technology and irrigated land 
resources are available. Model K represents 
the hypothetical case where the Tenkodogo 
household is suddenly endowed with the land 
and seed technology available to a household 
of the same size in the Ségou rice area. Next to 
increased profitability, the most significant 
change is a much higher degree of monocrop- 
ping. More than half of the optimal holding is 
under paddy. The main labor demand occurs 
at planting time in July and August, and ATO 
helps alleviate this bottleneck. 


Summary and Conclusions 


The main barrier to adoption of oxen cultiva- 
tion in the Sahel is the prohibitive opportunity 
cost of extra labor associated with the tech- 
nology. The implicit overhead cost of labor to 
maintain the ox team is the major problem on 
the 4-hectare farms typical of the Tenkodogo 
area of Upper Volta as well as in many of the 
millet-sorghum growing areas elsewhere in the 
Sahel. On one hand, per head labor require- 
ments for oxen maintenance are high because 
of small average herd size and lack of dry 
season forage and surface water. On the other 
hand, returns of ATO are small on labor- 
constrained millet-sorghum farms. Output of 
these grains per peak-season labor input may 
be even higher with traditional manual inter- 
cropping than with draft cultivation. Assuming 
either that farmers in these areas wish to be 
self-sufficient in food grains or that they wish 
to maximize profits, there simply are not 
enough resources on these small farms to use 
ATO at a profits level consistent with rapid 
adoption. 

The opportunity-cost-of-labor argument is 
slightly different where large tracts of nearby 
land suitable for cash crops and an elastic sup- 
ply of hired labor are available. In this case, 
draft cultivation permits a substantial increase 
in cash crops. Ox-plowing facilitates planting 
of peanuts and cotton at roughly the same time 
as the first weeding of cereals, a task that 
otherwise would be difficult. However, the 
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expansion of cash crop acreage is accom- 
panied by new labor demands for thinning, 
spraying, weeding, and harvesting. The 
profitability of oxen cultivation under these 
conditions depends upon the ratio between the 
extra wage bill and returns from expanded 
production. 

Farming systems research aimed at extend- 
ing oxen-drawn technology must analyze 
companion innovations which reduce the time 
required for weeding and harvesting. Light, 


.animal-drawn weeders, easily repaired carts, 


herbicides, and small-scale mechanical 
threshers offer promise. Using hired labor 
alone to cope with new labor bottlenecks from 
extended acreage is not likely to be profitable 
in the Sahel unless technological change 
boosts crop yields above traditional levels. 


{Received June 1980; revision accepted 
September 1981.1 


References 


Delgado, C. L. Livestock versus Foodgrain Production in 
Southeast Upper Volta: A Resource Allocation Anal- 
ysis. Ann Arbor: Center for Research on Economic 
Development, University of Michigan, 1979a. 

. The Southern Fulani Farming System in Upper 
Volta: A Model for the Integration of Crop and Live- 
stock Production in the West African Savannah. Dep. 
Agr. Econ. African Rural Econ. Pap. No. 20, Michi- 
gan State University, 1979b. 

de Wilde, J. C. Experience with Agricultural Development 
in Tropical Africa, vols. 1, 2. Baltimore MD: Johns 
Hopkins University Press, 1967. 

Dupont de Dinechin, B., C. Malcoiffe, J. D'Arondel de 
Hayes. “Données Actuelles sur l'Association de 
l'Agriculture et de Elevage en Haute-Volta.’’ Col- 
loque sur l'Elevage, ed., pp. 226-86. Institut d' Elev- 
age et de Médecine Vétérinaire des Pays Tropicaux, 
Paris, 1969. 

Government of India, Ministry of Agriculture and Irriga- 
tion. Indian Agriculture in Brief, 16th ed. New Delhi, 
1977. 

Herman, L. ‘The Livestock and Meat Marketing System 
in Upper Volta: Summary of an Evaluation of Eco- 
nomic Efficiency." Livestock Production and Mar- 
keting in the Entente State of West Africa: Summary 
Report, ed. K. H. Shapiro. Ann Arbor MI, Center for 
Research on Economic Development, 1979. 

Johnston, B. ''Agricultural Production Potentials and 
Small Farmer Strategies in Sub-Saharan Africa." 
Two Studies of Development in Sub-Saharan Africa, 
pp. 65-127. Washington DC: International Bank for 

Reconstruction and Development, World Bank Staff 
Work. Pap. No. 300, Feb. 1977. 

Lele, U. The Design of Rural Development: Lessons from 
Africa. Baltimore MD: Johns Hopkins University 
Press, 1975. 





196 May 1982 


Le Moigne, M. "Animal Draft Cultivation in French- 
Speaking Africa." Paper presented at Workshop on 
Socioeconomic Constraints to Development of 
Semi-Arid Tropical Agriculture, International Crops 
Research Institute for the Semi-Arid Tropics, 
Hyderabad, India, Feb. 1979. 


McIntire, J. The Economics of Malian Rice Policy. Ph.D. 
thesis, Tufts University, 1980. 


Newman, M., I. Ouedraogo, and D. Norman. "Farm 
Level Studies in the Semi-Arid Tropics of West 
Africa." Paper presented at Workshop on Socioeco- 
nomic Constraints to Development of Semi-Arid 
Tropical Agriculture, International Crops Research 
Institute for the Semi-Arid Tropics, Hyderabad, In- 
dia, Feb. 1979. 

Nicou, R., and J. F. Poulain. ‘‘Les Effets Agronomiques 
du Travail du Sol en Zone Tropicale Sèche.” 
Machinisme Agricole Tropicale 37(1972):35—41. 


Norman, D. W., D. H. Pryor, and C. J. N. Gibbs. Techni- 
cal Change and the Small Farmer in Hausaland, 


Amer. J. Agr. Econ. 


Northern Nigeria. Dep. Agr. Econ. African Rural 
Econ. Pap. No. 21, Michigan State University, 1979. 

République du Mali, Ministére du Développement Rural, 
Institut d'Economie Rurale. Coûts Moyens de Pro- 
duction des Principaux Produits Agricoles pour la 
Fixation des Prix aux Producteurs de la Campagne 
1976/1977." Bamako, 1977. 

Sargent, M., J. Lichte, P. Matlon, and R. Bloom. ''An 
Assessment of Ánimal Traction in Francophone West 
Africa." Dep. Agr. Econ. African Rural Econ. Work. 
Pap. No. 34, Michigan State University, Mar. 1981. 

Von Rotenhan, D. ‘‘Cotton Farming in Sukumaland." 
Smallholder Farming and Smaltholder Development 
in Tanzania, ed. Hans Ruthenberg, pp. 51-68. 
Munich, Germany: Weltforum Verlag, Afrika- 
Studien No. 24., 1968. 

Zerbo, D., and M. Le Moigne. ‘‘Problémes Posés par la 
Mécanisation dans les Pays Membres du C.LL.S.S. 
(A report to C.I.L.S.S.—Club des Amis du Sahel). 
Antony, France: Centre d' Etudes d' Expérimenta- 
tion du Machinisme Agricole Tropical, Dec. 1977. 


Optimal Grain Carryovers in Open 
Economies: A Graphical Analysis 


Keith C. Knapp 


Optimal storage, trade, and borrowing policies for grain are analyzed graphically using 
dynamic programming. World prices and domestic harvests are assumed to be 
stochastic. Optimal carryovers are generally increasing in supply and decreasing in world 
prices, while net imports are decreasing in both supply and world prices. Optimal levels 
of carryovers and net imports are influenced by the opportunity to borrow and save 
foreign exchange. It is shown that grain reserves and foreign exchange borrowing/saving 
are alternative inventory systems which both complement and substitute for one another. 


Key words: dynamic programming, foreign exchange, grain, stockpiling, trade. 


The principles of optimal grain stockpiling in a 
closed economy were first established by Gus- 
tafson. If supply is defined as current harvests 
plus carryovers from the previous year, then 
optimal carryovers are zero for supplies below 
a certain critical level and increase at a rate 
between zero and -- 1.0 as supply rises above 
that critical level. These properties are also 
postulated by Samuelson with extensions and 
additional discussion found in Gardner. 

The purpose of this paper is to develop the 
theory of optimal carryovers in open econo- 
mies subject to stochastic fluctuation in do- 
mestic harvests and world grain prices. Em- 
pirical studies of optimal carryovers in trading 
countries include Johnson and Sumner for de- 
veloping countries (see also Johnson), and 
Burt, Koo, and Dudley; Gardner; and 
Alaouze, Sturgess, and Watson for the United 
States and Australia. The model in this paper 
is applicable to either importing or exporting 
countries and generalizes existing models by 
allowing storage and trade decisions to be con- 
trolled independently and by assuming that 
foreign exchange can be transferred between 
periods. A secondary purpose is to demon- 
strate that useful insights into optimal grain 
reserves can be obtained by a simple graphical 
analysis based on economic principles. 

The formal model is set out in the first sec- 
tion of the paper. The next three sections con- 


Keith Knapp is an assistant professor of resource economics and 
resource economist, University of California, Riverside. 

This paper is based on two chapters of the author's dissertation. 
The author is grateful to the two readers of the dissertation, John 
Boland and Jared Cohen, and to Shlomo Reutlinger, Henry Vaux, 
Brandt Stevens, and an anonymous reviewer for helpful com- 
ments on earlier versions of this manuscript. 


sider trade; storage and trade; and storage, 
trade, and foreign exchange borrowing/saving. 
Applications of the analysis and concluding 
remarks are in the final two sections. 


The Model 


The following notation is used throughout: c, 
is grain consumption in period t; m,, grain 
imports in period ¢ (exports if negative); x,, 
grain cargyovers from period ¢ to period t + 1; 
y, amount of foreign exchange borrowed in 
period t (savings if negative); h,, grain har- 
vests occurring at the end of period ¢; p,, price 
of grain in world markets; s,, domestic supply 
of grain; and a,, foreign exchange debts (addi- 
tional reserves if negative). 

The domestic supply of grain available for 
use in period t equals the sum of harvests and 
carryovers from the previous period net of 
storage losses: 


(1) S, = hoa + xeu 


where B denotes the fraction of carryovers 
remaining after storage losses. Carryovers are 
constrained to be non-negative but less than 
the storage capacity, X: 


(2) Osx, =-X, 


and grain can be imported (m, positive) or 
exported (m, negative). The total supply of 
grain available for use in period t is domestic 
supply plus net imports, and this is divided 
between consumption and carryovers into the 
next period: 


(3) 
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Domestic harvests and the price of grain in 
world markets are stochastic, and their joint 
distribution is assumed to be given. 

Foreign exchange may be borrowed to pay 
for current imports or saved for future use. 
The amount of foreign exchange to be repaid 
in any period is just the amount borrowed in 
the previous period plus interest at the rate r: 


(4) 


(If foreign exchange is saved, then —a, is the 
additional foreign exchange available for use 
in period f). Although foreign exchange is bor- 
rowed or saved for intervals of a single period, 
loans can be renegotiated so that, in effect, 
foreign exchange borrowed in period t can be 
paid off in any future period with interest 
(likewise for savings). In the final period, the 
additional constraint 


a, = (1 + r) yer 


(5) yr = 0 
is imposed. 

Net benefits in each period are given by 
(6) 


NB, = W(c,) — yx, — C(p*m, + a, — y), 


where W(c,) are benefits from grain consump- 
tion (assumed here to be the area under the 
domestic demand curve for grain) and y de- 
notes per unit variable storage costs. The for- 
eign exchange used by the grain sector in pe- 
riod ¢ (or, more exactly, the foreign exchange 
not available for imports of other commod- 
ities) is pm, + a, — y,, where pè is the world 
price plus transport costs for imports or minus 
transport costs for exports. The opportunity 
costs of this foreign exchange to the economy 
are given by the function C, which is assumed 
to be convex and differentiable with C(O) — 0 
and C'(O) = 1. (If the foreign exchange used is 
negative because grain is exported or foreign 
exchange was saved in previous periods, then 
— C represents the benefits from using this for- 
eign exchange elsewhere in the economy.) 

In each period the country must decide how 
much grain to import or export, how much to 
store for future use, and the level of foreign 
exchange borrowing, if any. These decisions 
are functions of domestic supply, world 
prices, and any foreign exchange obligations 
from previous periods: 


xi = fiS Des aj), 
m, = ElSe Pt» ài); 
Ye = qi(5o po Ar), 
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where the functions f, gẹ and q, are termed 
the storage, trade, and borrowing rules, re- 
spectively. The optimization problem is to 
choose a sequence of rules which maximizes 
the expected value of discounted net benefits 
subject to equations (1), (3), and (4). In addi- 
tion, the storage rules must satisfy (2), the 
borrowing rule in the last period must satisfy 
(5), and the initial levels of domestic supply, 
world prices, and foreign exchange obligations 
are given. 


Trade 


Countries vary considerably with respect to 
their grain-trading characteristics. They may 
be classified as normally importing, exporting 
or self-sufficient depending on their trade in 
grain in years of average domestic harvest 
levels and world prices. Some countries are 
small enough to be price takers in world mar- 
kets, while others may have significant effects 
on international grain prices. Countries may 
also be considered as foreign exchange con- 
strained depending on the ease with which 
additional foreign exchange can be obtained 
for grain imports in years of poor domestic 
harvests or high world prices. 

These different situations can be analyzed 
using a marginal cost function for total grain 
supplies, where total grain supplies equal 
domestic supply plus imports or minus ex- 
ports. For a given world price and domestic 
supply level, the marginal cost function shows 
the opportunity cost to the economy of obtain- 
ing additional units of supply, whether by in- 
creasing imports or reducing exports. 

The shape of the marginal cost functions 
depends on the size of the country relative to 
world markets and whether or not the country 
is perceived as having ‘‘foreign exchange con- 
straints.” Some of the possibilities are illus- 
trated in figure 1. Panel (a) represents the case 
of a small country with no foreign exchange 
constraints. Marginal costs and benefits of im- 
ports and exports are constant at their respec- 
tive border prices. These are the usual as- 
sumptions of partial equilibrium analysis. 
Panel (b) illustrates the case of a constraint on 
foreign exchange expenditures. Marginal ben- 
efits of exports are constant for all levels of 
exports, while marginal import costs are con- 
stant up to a maximum import level, after 
which they are infinite. This assumption was 
used by Reutlinger and others. Panel (c) rep- 
resents a more gradual version of the same 


Knapp 


MARGINAL COST 





(a) CONSTANT MC 


MARGINAL COST 
PRICE 





(c) INCREASING MC OF 
IMPORTS 


Marginal cost functions for total grain supply 


Figure 1. 


idea. The marginal costs of imports are ap- 
proximately the border price for low levels of 
imports but begin to increase as import levels 
increase. 

The intuitive idea underlying the MC curves 
in panels (b) and (c) is that additional grain 
imports put increasing pressure on scarce for- 
eign exchange supplies. Additional foreign ex- 
change is generated either by reducing imports 
of other goods and services or increasing ex- 
ports. If domestic consumption of other goods 
and services 1s reduced enough, prices will 
increase, implying increased marginal oppor- 
tunity costs for grain imports. The MC curves 
in panels (b) and (c) are also consistent with 
empirical evidence showing that in many de- 
veloping countries production shortfalls are 
only partially compensated by increased im- 
ports (Abbott). (If marginal import costs are 
constant, then consumption is constant for 








- 
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(d) LARGE COUNTRY 


small variations in domestic supply; whereas 
the assumptions here imply that domestic 
consumption does respond to production 
shortfalls.) 

Panel (d) indicates the case of a country 
which is large relative to the world grain mar- 
ket. Additional exports depress the world 
price, while additional imports increase the 
world price. These effects result in declining 
marginal benefits from exports and increasing 
marginal costs of imports. 

The determination of optimal imports and 
exports in the absence of carryovers and for- 
eign exchange borrowing/saving is illustrated 
in panel (c) of figure 1. Total supply is deter- 
mined by the intersection of MC and the 
domestic demand for grain (D). Optimal im- 
ports and exports are just the difference be- 
tween total and domestic supply. Grain is im- 
ported if the intersection occurs to the right of 
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domestic supply and exported if it occurs to 
the left of domestic supply. In the situation 
illustrated optimal grain imports equal s" 
= 8. 

While each of the various cases discussed 
above can be handled in the framework of this 
paper, the analysis is essentially the same for 
each.! In the sections that follow, the case of a 
small, normally importing country with re- 
stricted foreign exchange availability will be 
illustrated. The marginal cost function is as- 
sumed to be as in panel (c) of figure 1, imply- 
ing that the cost of trade function C, intro- 
duced in the previous section, is strictly con- 
vex when m, is large enough. 


Storage 


The optimization problem formulated in the 
first section is solved using dynamic pro- 
gramming. For each period, typically, optimal 
value functions are defined, which give the 
expected value of discounted net benefits 
under optimal operation in future periods as a 
function of the state variables in that period. 
The algorithm consists of calculating the opti- 
mal value function for the last period, then the 
next to last period, and so on, until optimal 
value functions have been calculated for all 
periods. The optimal decisions are just the 
solutions to the maximization problems de- 
fining the optimal value functions. 

The problem may also be solved using the 
first derivative of the optimal value function 
(Gustafson). This procedure is illustrated here 
for the case of no borrowing/saving of foreign 
exchange using a simple graphical analysis. 
.Like indifference curve analysis in consumer 
theory or isoquant analysis in production 
theory, this graphical approach yields consid- 
erable insight into the optimal carryover and 
trade decisions without resorting to extensive 
numerical computations or complicated for- 
mal derivations. 

For convenience, it is assumed that there 
are only two possible harvest levels, each oc- 
curring with a probability of 0.5, two possible 
world prices which also occur with probability 
of 0.5, and the distributions of domestic har- 
vests and world prices are independent. 

The situation in the last period is depicted in 
figure 2 under the assumption that no grain has 


! A finite storage capacity must be assumed for the case illus- 
trated in panel (8); otherwise the optimization problem defined in 
the first section may be unbounded. 
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Figure 2. MC functions in the final period 
when carryovers from the previous period are 
zero 


been carried over from the previous period. D° 
is the domestic demand curve for grain con- 
sumption and the MC! schedules, i = 1,...,4, 
are the marginal cost of total grain supplies. 
Given the world price and domestic harvest 
levels, import/export levels are determined by 
the intersection of the MC' curves and D*, as 
described previously. No grain is stored since 
this is the final period. 

In period T — 1 we will need to know the 
benefits of storing alternate amounts of grain. 
To that end, we can calculate the marginal 
value of additional domestic supplies in period 
T. The marginal value of an additional unit is 
just the domestic price, and this depends on 
the realized values of the random variables. 
(Note that the domestic price can differ from 
the world price by virtue of the assumptions 
about MC.) If harvests are A! and the world 
price is p!, then the marginal value is d!. Simi- 
larly, the marginal value is d’, d?, and d* under 
the other three possibilities. Therefore, the 
expected marginal value of the first additional 


4 
unit of domestic supply in period T is 5". d'/4. 

i21 
The expected marginal value of the second 
additional unit of domestic supply is calcu- 
lated in the same way as the first, the only 
difference being that the MC' curves are 
shifted to the right by one unit (since domestic 
supply now equals harvests plus one addi- 
tional unit) and, hence, the expected marginal 
value of the second unit is less than that of the 
first. Continuing in this manner, we construct 
a downward-sloping expected marginal value 
function for additional grain supplies in T. 
Multiplying this by 8/(1 + r) and subtracting y 
gives the expected marginal value of carry- 
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overs in period T — 1 net of storage costs. This 
curve is referred to here as the carryover de- 
mand curve and is depicted as D* in figure 3. 
Note that D? is truncated at the capacity level 
X2 

The optimal consumption, trade, and stor- 
age decisions in period T — 1 are illustrated in 
figure 3 for the case of domestic supply s. The 
carryover demand curve and consumption 
demand curves have been summed horizon- 
tally to get the total demand curve D. The 
intersection of MC and D determines the total 
supply and the domestic price in period T — 1. 
Optimal imports/exports are the difference be- 
tween total and domestic supply, while opti- 
mal carryovers and consumption are deter- 
mined by the domestic price from the car- 
ryover and consumption demand schedules, 
respectively. In figure 3, if the world price is p, 
then optimal imports are m*, optimal carry- 
overs are x*, and optimal consumption is c*. 
The optimality of this procedure is easily 
checked. For example, in the situation illus- 
trated the marginal value of consumption 
equals the expected marginal benefits of 
carryovers net of storage costs, and both equal 
the marginal cost of imports. Optimal carry- 
overs will be zero only when the domestic 
price is greater than d? and will equal capacity 
when the domestic price is less than d7. 

The next step is to determine the marginal 
benefits of carryovers and the optimal deci- 
sions in period T — 2. This is done as before 
except that D is used instead of D* to calculate 
the marginal value of additional supplies in 
T —1 and, hence, the carryover demand 
schedule in T — 2. The procedure is repeated 
until all periods have been considered. It can 
be seen that in every period a downward-slop- 
ing carryover demand schedule will be ob- 
tained and the optimal decisions will be de- 
termined as in figure 3. 

It is now possible to show how optimal car- 
ryovers depend on the world price and domes- 
tic supply. First, suppose that in figure 3 the 
domestic supply is fixed at s. For low world 
prices optimal carryovers are positive. As the 
world price increases, MC shifts up and opti- 
mal carryovers decrease. For high world 
prices optimal carryovers are zero. 


? The carryover demand schedule may have a horizontal section 
if D intersects each of the MC! schedules in a horizontal section. 
This may also occur for some of the other marginal cost schedules 
in figure 1. In the situation illustrated in panel (a) of figure 1, a 
“bang-bang” solution will result. Grain carryovers are either zero 
or at capacity. 
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Figure 3. Optimal trade and storage decisions 


Now, suppose that the world price is fixed 
atp. For low levels of domestic supply optimal 
carryovers may be zero. As domestic supply 
increases, MC shifts to the right and optimal 
carryovers increase. Furthermore, the rate of 
increase is between zero and one as in the 
closed economy case. To see this, suppose 
that supply increases by one unit, thus shifting 
MC to the right by one unit. Because D is 
downward sloping and MC is upward sloping, 
it can be seen that total supply s” will increase 
by less than one unit. On the other hand, the 
domestic price decreases, so optimal con- 
sumption also increases. Thus the increase in 
optimal carryovers must be less than one unit. 
(Optimal imports can be characterized in a 
similar fashion.) 


Foreign Exchange Borrowing/Saving 


Operation of grain reserves when foreign ex- 
change can be transferred between periods is 
considered in this section. The problem is of 
interest because at first it may seem that for- 
eign exchange borrowing/saving is a prefera- 
ble inventory system to grain reserves. In 
good years (low world prices and large domes- 
tic supplies) foreign exchange can be saved for 
future use. Interest is earned and transaction 
costs are minimal in contrast to grain carry- 
overs which are subject to handling costs, los- 
ses in storage, and investment in expensive 
storage facilities. In addition, foreign ex- 
change may be borrowed in poor years (high 
world price and low domestic supplies), which 
reduces the need for grain carryovers. The 
analysis of this section shows that this is only 
part of the story. In years of low prices it may 
pay to borrow foreign exchange, increase im- 
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ports, and put the additional grain into stor- 
age. Thus, these two alternative inventory 
systems are complements as well as substi- 
tutes for one another. 

It will be possible to illustrate this relation- 
ship once the following two propositions have 
been established: 

(a) Borrowing foreign exchange shifts the 
carryover demand schedule up, while saving 
foreign exchange has the opposite effect. 

(b) If the marginal cost of foreign exchange 
is defined as 


C'(p, m, + a, — yo, 


then foreign exchange is optimally borrowed 
(or saved) so as to equalize the marginal cost 
of foreign exchange in the current period with 
the expected marginal cost of foreign ex- 
change in the following period. 

The first proposition is shown graphically. 
(To simplify the analysis, it is assumed that 
there are only two time periods and that trans- 
port costs are zero, implying that grain can be 
imported or exported at the world price p,.) 
In figure 4, D* is again consumption demand, 
(p!, h?) and (p?, h?) are two possible combina- 
tions of world price and domestic harvests 
occurring in the second period, and x denotes 
carryovers from the first period. Suppose, 
now, that B dollars in foreign exchange are 
borrowed in the first period and must be repaid 
in the final period with interest. When the 
world price is p!, this is equivalent to reducing 
the domestic supply in the second period by (1 
+ r)B/p! units? Since the MC! curves are then 
shifted to the left, the expected domestic 
equilibrium price increases and therefore the 
marginal benefits of carryovers from the pre- 
vious period increase. This is true for any car- 
ryover level x, and so the carryover demand 
curve for the first period shifts up. An analo- 
gous argument shows that saving foreign ex- 
change in the first period for use in the second 
period will shift the carryover demand sched- 
ule down. 

The second proposition is shown using the 
Kuhn-Tucker conditions. In the second period 
the maximization problem to be solved is to 
find the import levels which maximize 


Wí(s; + m) T C (pam, + Qa). 
Optimal imports are a function of s;, pa, and 


? One way to see this is as follows. The country owes B(1 + r) 
in foreign exchange. It pays this debt off by exporting B(1 + r)/p 
units of domestic grain supply. The marginal costs of total supplies 
are then calculated from the new domestic supply level. 
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Figure 4. Shifts in the second period MC 
functions when B dollars of foreign exchange 
are borrowed in the first period 


a,, and this function is denoted g,. Optimal 
imports must satisfy the condition 


(7) W'[s, + go(Se, ps, 42)] 
= pyC'[psg2(52, Po, 42) + a5], 


which says that the marginal benefits of con- 
sumption must equal the marginal cost of im- 
ports. Expected net benefits in the second pe- 
riod are a function of x, and y,. This function is 
denoted H, and is defined by 


Hx y) = E (Wih, + Bx, 
hpp2 


+ gs[A; + Bx, Pos (1 + ryl 
—C{poge [hy + Ax, ps, (1 + r) yi] 
+ (1 + nx). 


In the first period the problem is to 
maximize H,(x,, mı, yj) = W(s, + m, — x1) — 


1 
yxi — C(pım, — yi) + y us H;(xi, yi), sub- 


ject to X 2x, 2.0 and the initial conditions s, 
and p,. Taking the partial derivative of H, with 
respect to y, and using (7) yields the following 
condition to be satisfied by optimal carry- 
overs, imports/exports, and foreign exchange 
borrowing/saving in the first period: 


C'(pm*,—-y*)-7 E (C'(pigs[hs 
hype 


+ gx^us P2» (1 + r) y*i] 
+ (1 + r)y*i}). 


where it has been assumed that g, is differen- 
tiable. This shows that the optimal level of 
foreign exchange borrowing must equalize the 
marginal cost of foreign exchange in the first 


Knapp 


period with the expected marginal cost of for- 
eign exchange in the second period, which is 
proposition (b). 

The effects of foreign exchange borrowing/ 
saving on grain carryovers can now be illus- 
trated. In figure 5, D is the horizontal sum of 
consumption and carryover demand in the first 
period under the assumption that no foreign 
exchange has been borrowed or saved. The 
import price, p, and domestic supply, s, are 
chosen so that carryovers are positive. If the 
marginal cost of foreign exchange is less than 
the expected marginal cost of foreign ex- 
change in the second period, then foreign ex- 
change will be saved. This shifts MC leftward 
to MC' and D down to D', resulting in fewer 
carryovers compared to the case of no foreign 
exchange borrowing/saving. If the marginal 
cost of foreign exchange is greater than the 
expected marginal cost in period 2, then for- 
eign exchange will be borrowed. This shifts 
MC rightward to MC" and D upward to D", so 
optimal carryovers are increased.4 


Applications 


The preceding sections have analyzed the rela- 
tion between optimal grain carryovers and 
world grain prices, domestic harvest levels, 
and foreign exchange reserves. Under certain 
conditions, private sector stockholding will be 
optimal (Gustafson). In this case these results 
provide a theory about the behavior of the 
private storage industry and can be used to 
show how different government policies may 
affect aggregate carryover levels. Alterna- 
tively, the results characterize optimal storage 
rules for public grain reserves in the absence 
of private stockholding, assuming that the ob- 
jective function (6) is the appropriate one. 
The graphical approach may be used for 
sensitivity analysis. For example, suppose 
that per unit storage costs increase. Then it 
can be seen that the carryover demand sched- 
ule shifts down so optimal carryovers de- 
crease for a given domestic supply/world price 
combination. The same result occurs if the 
interest rate or losses in storage increase. As 
another example, suppose that world prices 
are serially correlated in such a way that a low 
world price in the current period increases the 


* Numerical computations in Knapp suggest that the optimal 
storage capacity is substantially greater with borrowing/saving of 
foreign exchange than without. This provides further evidence of 
complementarity. 
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Figure 5. Effects of foreign exchange bor- 
rowing/saving on grain carryovers in the 
first period 


probability of low world prices in the next 
period. This could occur, for instance, be- 
cause of grain inventories held in other coun- 
tries. If a low price does occur in the current 
period, then the increased probability of low 
world prices in the next period implies that the 
carryover demand curve shifts down. There- 
fore optimal carryovers at low world prices 
will be smaller with serial correlation than 
without. 

The approach may also be useful in formu- 
lating policies to meet other stabilization ob- 
jectives. This can be illustrated by refer- 
ence to the following problem considered by 
Reutlinger and Konandreas, Huddleston, and 
Ramangkura, among others. Suppose that in 
figure 6, D is total demand, and the country 
decides to insure that consumption never falls 
below some critical level C*'*, The problem is 
to determine the policies to accomplish this. 

Maintaining grain consumption levels above 
c™™ amounts to assuming that from a societal 
viewpoint the marginal value of grain becomes 
perfectly inelastic at the critical consumption 
level. This implies an upward shift in the car- 
ryover demand schedule and, hence, D up to, 
say, D'. To see this, suppose that in figure 2, 
D* becomes less elastic for low consumptive 
levels. Then if p!, ^! occurs, for example, the 
domestic price will be greater than d'. This 
implies that the expected domestic price in- 
creases and hence the carryover demand 
schedule must shift up. 

To maintain food consumption above C"'", 
the country should increase imports and car- 
ryovers when world prices and/or domestic 
supply levels are favorable (for example, p? in 
figure 6). In the event of unfavorable world. 
prices or domestic supply levels, the country 
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Figure 6. Policies for maintaining consump- 
tion above C"'" 


obviously must increase its imports to main- 
tain the critical consumption level (e.g., p! in 
figure 6). If this implies a relatively large im- 
port bill, then foreign exchange should be bor- 
rowed. 


Concluding Remarks 


In the absence of foreign exchange bor- 
rowing/saving, the principles of optimal grain 
stockpiling in open economies are readily 
inferred from figure 3. Generally speaking 
optimal carryovers increase with domestic 
supply and decrease with the world price. Op- 
timal imports decrease as domestic supplies 
and/or world prices increase. 

The situation becomes more complicated 
when foreign exchange can be transferred be- 
tween periods. Foreign exchange is borrowed 
when expenditures are relatively high and 
saved when expenditures are relatively low. 
Compared to the case of no borrowing/saving 
of foreign exchange, optimal carryovers are 
the same or greater when foreign exchange is 
borrowed and the same or less when foreign 
exchange is saved. Grain reserves and 
borrowing/saving of foreign exchange thus 
represent two inventory systems which both 
complement and substitute for one another. 

More generally, the analysis illustrates three 
possible instruments which countries can use 
to mitigate the consequences of unexpected 
fluctuations in domestic harvests and world 
prices. They can modify trade levels, put grain 
into storage, or shift foreign exchange be- 
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tween time periods. Which particular combi- 
nation will be used depends on the conditions 
prevailing at a point in time, the parameters of 
the problem, and the objectives being pur- 
sued. 

Finally, the graphical analysis in this paper 
is a useful approach to the analysis of grain 
reserves. Considerable insight into a nontrivial 
problem in stochastic control is obtained using 
only basic economic principles. The approach 
was used to characterize optimal storage 
rules. Jt can also be used for sensitivity analy- 
sis and for determining the consequences of 
other domestic and international stabilization 
schemes. : 


[Received March 1981; revision accepted 
November 1981.] 
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Asymmetry in Retail, 


Wholesale, and 


Shipping Point Pricing for 


Fresh Vegetables 


Ronald W. Ward 


The linkage among retail, wholesale, and shipping point prices for a select group of fresh 
vegetables is measured using Wolffram's asymmetry model. Procedures for dealing with 
discontinuous time series are shown, and Granger's causality test is used to show the 
direction of the price linkage. Wholesale prices are shown to lead both retail and shipping 
point prices. Asymmetry in the retail-wholesale response indicates that wholesale price 
decreases are reflected at the retail more so than are wholesale price increases. 
Wholesale price decreases are more fully passed through to the shipping point relative to 


wholesale increases. 


| Key words: asymmetry, fresh vegetables, prices, retail-wholesale-shipping linkage. 


The linkages among retail, wholesale, and 
shipping point prices continues to be of con- 
siderable economic interest. As raw food 
products are transformed through packaging, 
distribution, and related services, the evi- 
dence of direct relationships among prices at 
different levels of exchange becomes increas- 
ingly difficult to evaluate. The extent of price 
change transmission through the vertical mar- 
ket system is particularly important at the end 
points. Producers view themselves as the re- 
sidual claimants on the value of products, 
while consumers fear continually rising prices 
of many food items. Agricultural products 
having many uses and requiring considerable 
transformation should show weak price rela- 
tionships among the exchange points. In con- 
trast, price linkages should be stronger for 
perishable products requiring a minimal trans- 
formation. 

Price leads and lags among retail, whole- 
sale, and shipping points may arise, in part, 
because of differences in the assimilation of 
market information. Understanding these 
leads or lags is important to evaluating pricing 
efficiency among markets. The speed of price 
adjustments between vertical exchange nodes 
provides clues about structural rigidities and 
cumulative effects of price changes. 


Ronald W. Ward is a professor in the Food and Resource Econom- 
ics Department, University of Florida. 
Florida Agricultural Experiment Station Article No. 3431. 
This research was supported under Contract 58-3523-0-0163X of 
the USDA ESCS. 


In this paper the price linkages among retail, 
wholesale, and shipping points will be ana- 
lyzed in order to provide additional empirical 
evidence about price transmission. A distrib- 
uted lag model is developed, and asymmetry 
in the price linkages is considered. The empir- 
ical analysis is limited to a few fresh vegeta- 
bles, where price information is available at 
each point of exchange. Data include both 
continuous and discontinuous series, and 
econometric procedures for dealing with the 
data gaps are discussed. The vertical price 
linkages for fresh vegetables should be 
reasonably strong since these products have a 
limited number of uses and are transformed 
only via packaging. Since supplies are inelas- 
tic, shifts in demand should cause direct price 
adjustments throughout the vertical structure. 
The actual price responses will depend on the 
quality and timing of information received at 
each pricing level. 


Price Transmission Model 


Information exists throughout the market sys- 
tem and retail (R), wholesale (W), and ship- 
ping point (S) prices are some functions of this 
information. This information flow throughout 
the vertical system may not be equal and trad- 
ers' abilities to assimilate and/or respond to 
market signals can differ at each exchange 
point. Structural differences and diversity at 
each level can influence how quickly prices 
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reflect changes in market conditions. Clearly, 
the retail, wholesale, and shipping price series 
must be related since they are functions of the 
same basic information. 

Complete quantification of market informa- 
tion is impractical and not essential to under- 
standing pricing relationships. One can turn 
directly to the three price series. Arguments 
exist for both leads and lags among the three 
series. Most studies point to a causal linkage 
from shipping point to wholesale to retail 
(Heien, Silver and Wallace). Conditions can 
exist that suggest a different linkage. If the 
wholesale market quickly assimilates market 
signals from both consuming and producing 
points, the wholesale price may lead both the 
retail and shipping point prices. The period for 
measuring responses also would influence any 
measurement of leads. Likewise, product 
perishability may add importance to the 
wholesale function. Excess accumulation of 
perishable products at wholesale may directly 
affect shipping point prices. Ultimately, the 
existence of leads or lags is an empirical ques- 
tion and will be deferred until later. 

Initially consider the situation where R — 
J(W). The total retail response to wholesale 
price changes may not be immediate, but dis- 
tributed over time. Heien suggested that the 
cost of making retail price adjustments and 
concern over pricing stability may create lags 
at retail. Furthermore, the response to rising 
prices at wholesale can differ from price de- 
clines. The retail market structure could be 
sufficiently oligopolistic so that price sticki- 
ness occurs, producing asymmetric response 
to wholesale price changes.! 

Equation (1) illustrates the general case 
where the retail price is related to the 
wholesale price through a distributed lag func- 
tion. 

k 
(1) R; = y + Ya Win t €t. 
ju 


If asymmetry occurs, then a; differs depending 
on whether W, Z W, ,. Papers by Wolffram, 


! The top four food retailers, on the average, held approxi- 
mately 5096 of the market in 218 major metropolitan areas in 1963. 
Concentration was above 6596 in sixteen of the markets (Bucklin, 
p. 125). Little change in concentration has taken place since then 
(Grinnell 1980b, p. 7). Competition in retailing is a local and 
regional affair where firms are aware of tbe pricing tactics used 
(Bucklin, p. 130). In contrast to the oligopolistic argument, 
Baumol, Quandt, and Shapiro suggest that while lsupermarkets 
are aware of each other, they take no account of competitors' 
reaction because of cost, complexity, and data imperfections (p. 
347). Also, see Grinnell for a recent discussion of food retailers’ 
pricing policies (1980a, p. 10—11). 
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Houck, and Young have dealt with estimating 
asymmetric parameters. Using Young's 
framework, equation (1) can be written as 


k 
Q) Re = Bw + Y (a's W's 
Ri 
+ d"; Ws) + €, 
where 


i 
W,z 5 (Wii — Wi-i-1)Z' tis 


ind 


t 
W" = 2 (Wii — W.L)Z"co 


i-0 


1 Wa, = Wii 
Zu = 


0 otherwise, and 


1 Wri < Wei 
e ii 


0 otherwise. 


Using Gollnick's derivation, it also follows 
that (2) can be simplified to 


k 
(3) Ri = Bo + » [a^ (Wes - Wo) 
ji 


+ (o^, — o's) Wes] + e. 


The estimate of (o; — a';) gives a direct test of 
the asymmetry condition.? Note that a’; mea- 
sures the response to rising wholesale prices, 
while œ”; relates to a declining wholesale price. 
Polynomial lags can be adapted easily to the 
two distributed lag series in equation (3). If 
one is willing to assume that the peak retail 
response to a wholesale price change is imme- 
diate, then a first-degree polynomial is appro- 
priate. Letting ¢; be some weighting of the 
lags, the polynomial in (4) could be incorpo- 
rated into (3). Only four parameters are un- 
known in (4) in contrast to 2k unknown pric- 
ing parameters in (3). Hence, the estimation 
problem is greatly simplified with (4). 


(4) a’; Ls A'o + Aip, and 
a’, = a’; = 5 + 713. 


For some products, gaps in the price series 


? Consider a simple model where R, = m, + 7,W,. Wolffram's 
model, allowing for asymmetry, would be Ry = ma + n',W, + m 
W", where W', and W”, are defined in equation (2) of the text. 
Gollnick clearly shows that W, = W, + W', + W', or W’, = W,— 
Wo — W”, Substitution for W’, in the functional equations gives the 
estimable model R, = m, + q',(W, — Wo) + (aro — 7')W',. This 
equation is simply expanded to a distributed lag form in equation 
(3) (Young, p. 178). 


Ward 
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Table 1. F-statistic for Granger's Causality Test 
Retail — Wholesale Wholesale — Retail Wholesale — Shipping Shipping — Wholesale 
Prefilter* 
Level F- F- F- 
PEF Statistic? p Statistic P Statistic P Statistic p 
Carrots 
(Chicago) .00 .419 278 24.891 .303 4.586 .533 3.434 .502 
25 .652 —.218 14.861 —.135 4.156 -.024 2.235 -.061 
75 1.046 -.592 3.664 -.631 JU —.647 545 -.621 
1.00 1.238 —.064 3.281 —.655 207 —.669 .563 —.646 
Carrots 
tNew York) .00 2.064 .224 3.544 064 1.124 321 1.914 .386 
25 2.785 —.239 2.324 —.369 2.268 -.113 1.949 —.064 
25 1.305 —.615 2.271 —.679 5.762 —.517 .364 -.504 
1.00 919 —.638 2.631 —.699 6.309 -.542 249 -.525 
Celery 
(Chicago) .00 3.037 219 13.091 193 8.803 A19 1.300 .233 
325 3.978 —.156 8.582 —.184 6.199 -.253 1.387 —.235 
15 4.030 —.439 3.472 —.539 2.803 -.573 .292 —.597 
1.00 3.278 —.566 3.997 —.559 2.%5 —.591 109 -.617 





Note: The results for all series studied are available upon request (USDA). The only exception to the implied linkage occurred with some 
of the lettuce series where unidirectional relationships were indicated. 


* Sec Bishop for a discussion of the filtering procedure. 


> Sample sizes are reported in tables 2 and 3. In each situation comparison of the calculated F to a table F = 3.00 is near the 95% 


confidence level. 


exist because supplies do not flow to market 
throughout the year. For example, if a product 
is marketed only during the first six months of 
each year, carryover effects would not occur 
during the initial months of each season. At 
each season's outset, the only relevant price 
information would be current wholesale 
prices. Later in the season, current retail 
prices may be influenced by prior wholesale 
prices. The distributed lag model specified ear- 
lier must reflect whether or not lagged infor- 
mation exists at period 7*. If ¢* is the first 
period of a new season and the series is dis- 
continuous, no lag information exists. During 
the next month, the price information from t* 
would enter the analysis for t* + 1. Likewise, 
during f* + 2 both prices from ¢* and ż* + 1 
enter the analysis. 

The presence or absence of prior informa- 
tion can be handled with dummy variables. If 
the distributed lag model is estimated with 
three lags, then three dummy variables can be 
defined to indicate if any particular lag should 
be included in the model. The dummy vari- 
ables shown in equation (5) illustrate the con- 
cept for a season when a data gap exists be- 
tween the last value of the prior season and the 
first value of a new season. Each row repre- 
sents one observation containing the current 
period and three lags. Each D; is multiplied 
times the corresponding W, 4, in (3), assum- 
ing three lags. W, always enters the model, 
while W, enters after the first period ¢*. Fi- 
nally, by.the fourth period in the example, all 
three lags are included. The matrix D may 


differ with each commodity depending on the 
discontinuity of each series. 


D, D; Ds D, 
1000 
1100 
1110 
1111 
111 1 
11 1 ] 

(5) D= 
100 0 
1 10 0 
1110 
1 11 1 


Econometric Linkage Model 


Instead of ¢ observations as in equations (2) 
and (3), now assume that there are / seasons 
and t observations in each season. Each vari- 
able then carries the additional subscript /, and 
the relevant parameters are assumed constant 
across seasons (Wolffram, p. 358). With this 
model, the Wolffram asymmetric procedure 
starts over with each season. The starting 
value for W' and W” is Wyo. Incorporating (4) 
and (5) into (3) and accounting for the various 
seasons, a general model for estimating the 
price linkage follows in equation (6). 
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Table 2. Asymmetric Price Linkage between Wholesale and Retail Prices 





Parameter Estimates* 








Commodity Units City Intercept H, H, Hy H, T 
Carrots $/48-lb. bags Chicago 10.988! .8050 — 5482 —.1322 1666 0487 
(12.0633) (6.6157) (73.9637) (7.7173) (.8681) (1.3678) 
Celery S/60-lIb. crate Chicago 12.3069 .6188 -.2705 A121 —.4411 .0392 
(11.0806) (7.582) (—2.5916) (2.2306) (2.2991) (.6119) 
Cabbage $/50-Ib. crate Chicago 3.4523 4850 .1060 6136 —.3745 .0220 
(4.1516) (2.5729) (.4661) (2.6100) (—2.1933) (3.0154) 
Com S/crate Boston 2.5296 .2259 —-.0394 5519 —.3805 .0278 
(5.8089) (1.6135) (7.2482) (5.8992) (—5.1458) (6.3210) 
Cucumbers $1 Y bushel New-York 9.0729 .5439 — 4567 0284 .1109 .0467 
(15.5350) (10.5365) (—7.4135) (.4881) (2.1028) (7.8122) 
Green peppers S/30 Ibs. New York 8.9460 A351 —.2154 3153 — .2089 0428 
(14.1133) (7.1053) (—2.6297) (3.9133) (—3.3428) (6.8542) 
Potatoes $/100 Ibs. Los Angeles 6.4467 5754 —.5113 .2969 —.1890 0243 
(10.6001) (3.3506) (—2.5289) (2.6525) (+2.0573) (2.8019) 
Tomatoes $/20-lb. carton Chicago 4.2280 .5085 —.5049 .3803 ~.2728 0596 
(3.8856) (4.5462) (—4.0737) (2.4714) (72.5729) (7.7520) 
Tomatoes $/20-Ib. carton New York 4.2672 .3285 -.3702 5716 —.3364 0442 
(5.5065) (3.1906) (—2.4400) (5.2482) {~4.3107) (4.6302) 





Note: Data obtained from USDA. 
* See equation (6) for interpreting H: /-values shown in parentheses. 


^ Mean lags and cumulatives are not calculated because H, was insignificant and of the wrong sign. 


(6) Ru = Agw + X'oHigo + N iHaao 
+ d”oHsan + X"1Haay + €i, 


where 
3 
Hiag = 2» [Wii-5 — Wio lDiuy 
Eo 


3 
Han = 5 [Wren — Wo lossy 


jm 0 


3 
es n 
Hyn = >, Way Dyuy 


J=0 


* 3 
Hao = p Wve bi Dyin- 
0 
While (6) is illustrated assuming the retail 
market lags the wholesale market, a precise 
test of the leads or lags for both retail and 
shipping points must be made.? Furthermore, 
the function $, must be specified. 

Retail, wholesale, and shipping point price 
data on seventeen fresh vegetables were in- 
cluded in the study. Retail prices from a num- 
ber of cities were reported for some of the 
vegetables. Of these, carrots, celery, and let- 
tuce were the only fresh produce supplied con- 
tinuously throughout the season. Empirical 
evidence for measuring leads or lags can be 
made using Granger's causality test on these 
continuous series (Bishop). Granger's test 
presumes that causality may flow in either di- 
rection between two variables (Granger). Ap- 
plying the Granger procedure and using the 


? Each H is derived by summing over j. It will always be true 
that Dam = 0 when j > t. 


appropriate F-test, the direction of causality 
becomes clear. Table 1 includes the F-values 
calculated for causality between  retail- 
wholesale and wholesale-shipping point. 

Although a total of eleven continuous data 
series was available, only a sample of the 
Granger tests are reported in table 1. The em- 
pirical evidence from table 1 and from results 
not reported suggests that retail prices tend to 
lag wholesale prices. Such results are consis- 
tent with most other studies (Heien, Silver). 
In contrast, the results for the wholesale- 
Shipping point analysis suggest that the 
wholesale price series led shipping point 
prices. Wholesale markets are generally more 
concentrated, and information can be more 
readily assimilated. In contrast, shipping 
points are generally diverse, and information 
flows are less complete. Although beyond the 
scope of this analysis, a detailed study of 
buyers versus seller concentration could add 
more insight into this observed relationship. 
Also, the geographical concentration of 
suppliers likely would influence this price 
linkage. 

The monthly leads must arise where infor- 
mation is first and most quickly assimilated. 
While some exceptions are evident, the lead 
linkage from wholesale to both retail and ship- 
ping points is assumed for the remaining anal- 
ysis.? 


* Monthly retail prices are the averages over Tuesday, Wednes- 
day, and Thursday's prices for each week within:a month. 
Wholesale prices are averaged over each Tuesday's price for the 
same week that retail prices are collected. Tbe shipping point price 
is the monthly average of tbe prices for each week preceding the 
wholesale and retail prices. Hence, the monthly shipping point 


Ward 
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Table 2. (Continued) 
Statistics Season Mean Price Mean Lag Cumulative 

Observed R F Ist Last Retail Wholesale Shipping Rising Falling Rising Falling 
H4 .886 173.19 Jan Dec 10.361 6.144 4.306 .443 .816 1.191 1.279 
120 .885 179.94 Jan Dec 13.515 7.305 4.150 1.079 405 1.474 1.489 
63 792 43.31 Dec May 8.816 4.357 2.829 bar * i p 
46 — 861 49.45 Jan June 7.929 5.536 3.881 1.381 .882 -158 1.557 
74 .826 64.69 Nov May 16.004 10.148 7.668 .138 714 -631 1.009 

831 62.04 Jan June 16.147 9.909 8.015 976 -820 943 1.431 

7 509 14.74 Sept Apr 10.588 6.522 4.545 .100 165 639 1.044 
42 -764 23.32 Jan May 10.052 7.138 5.816 .007 Mt .512 599 
47 .805 33.97 Jan May 12.371 8.122 6.034 151 .491 387 1.378 





The polynomial specification in equation (4) 
implicitly assumes that the peak effects occur 
at the outset followed by a smooth decline. 
Preliminary results consistently suggested a 
geometric decay function. While a range of 
values for $; that have similar geometric decay 
properties can be adapted to (4), the final spec- 
ification is where ¢, = Yj and j 2-0 (Ward 
and Myers, p. 5). Using this specification, 
da’ ;/d, < 0, 0*a',/0? > 0, da’j/a; < 0, and 
0*o",/0f > 0. The carryover effect from previ- 
ous price levels declines from the outset. Both 
a’, and o", represent the immediate effect of 
price changes at wholesale. 

The empirical results using equation (6) 
with a subset of fresh vegetable data are re- 
ported in tables 2 and 3, table 2 giving the 
wholesale-retail linkages and table 3, the 
wholesale-shipping point relationship.) In 
both tables, parameter values for H, and H; 
correspond to A’) and A’, from equation (4), 
and H; and H, correspond to A", and A”,. The 
first two equations are for commodities with 


price is based on an average over a weekly series that lags the 
retail and wholesale by one week. 

Some bias in the relationship between prices at different ex- 
change points could arise with this weekly lag. Suppose that prior 
results suggest that Y, leads X, and the data are reported in three 
alternative series, i.e., (Y, X), (Y, X,,), or (Y, X41). Using 
Granger's causality test, the first series would have no effect on 
the results, the second series would be biased against the prior lead 
of- Y, over X,, and the third series would be biased in support of the 
lead. Subsequent analyses will show that the wholesale price (e.g., 
Y,) leads the shipping price (e.g., ¥). Both are monthly averages 
but the X series does have a one week built-in Jag. If the week lag 
affects the results, it is biased against showing that Y, leads X;. 
Also, the Granger test relates to monthly leads and lags, while the 
differences in series is limited to one week. Most of the effects of 
one week is likely averaged out when calculating the monthly 
average. 

* Only a subsample of fresh produce results are reported in 
tables 2 and 3. Since most estimates not reported were similar to 
those reported, this subsample is adequate for presenting the 
study's general conclusions. 


continuous data sets, while the remaining es- 
timates are based on discontinuous data. In 
general, the results were consistent across the 
items studied, and all statistical values can be 
readily interpreted in terms of significance and 
economic implications. 


Asymmetric Linkage 


The significance tests on H4 and H, in ta- 
bles 2 and 3 are direct tests of asymmetry in 
retail and shipping point price responses to 
wholesale price changes. The immediate effect 
of a wholesale change is a’; for rising prices 
and a”, for falling prices, where a’; = A’) and 
a’; = A'o + A"y. The retail results, without 
exception, lead to one of two conclusions. 
Either the responses are symmetric, or retail 
markets respond more to declining wholesale 
prices than to rising prices. Symmetry in the 
initial period exists for the carrot and 
cucumber markets, but H; is positive and sig- 
nificant for the remaining items. Even though 
retail responses vary across commodities, the 
general conclusion of significant asymmetry 
holds for the majority of products studied. 
The asymmetric responses provide new in- 
sight into the performance of the wholesale- 
retail market for this commodity sample and, 
possibly, for perishables in general. First, the 
models point to some retail resistance to price 
rises.$ This may be explained partially by re- 


é One may question this result since, in general, supermarkets 
often price using standard margins over invoice cost. Holdren's 
studies showed that for fresh fruits and vegetables the pricing 
formula was much less structured (p. 85). Most produce prices are 
not highly competitive, margins are high, and price dispersions are 
wide across firms. Asymmetry in the wholesale-retail margin is 
discussed in Holdren, where greater differences are seen with the 
more aggressive firms (p. 93-94). 
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Table 3. 
Commodity 


MI 
1.001 
1.895 

.861 
1.183 
1.192 
1.194 


.776 
.893 
524 
.614 

651 
472 


1.258 


282 - 
915 
156 
175 
369 
330 


257 


TAL 
1.074 
129 
155 
.051 
.075 


141 


118.51 
132.14 
38.53 
39.09 
48.18 
14.33 
22.09 


.842 
.843 
BOL 
793 
615 
647 
729 


H7 
55 
75 
45 
47 


(-2 


(- 


(-6 


t= 
(- 
(- 


6146) 


ut 


- (10 


Chicago 
Chicago 
Chicago 
New Yoik 
New York 
Los Angeles 
Chicago 
New York 


Boston 


Cairots 
Celery 
Cabbage 

Com 
Cucumbers 
Green peppers 
Potatoes 
Tomatoes 
Tomatoes 
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sistance to raising the price of perishable 
products that require high turnover. Rising 
prices could reduce retail sales and increase 
the incidence of spoilage. Second, an 
oligopolistic structure among large retail out- 
lets suggests upward price stickiness and, 
hence, resistance to price increases. 

Consumers generally can expect to benefit 
immediately from falling wholesale prices be- 
cause price decreases tend to be rapidly 
passed through to retail. In contrast, price in- 
creases are passed through to a much lesser 
degree during the same period. The retail price 
response to falling wholesale prices is particu- 
larly important to industries which rely on 
price promotions initiated at the wholesale 
level since the lower prices generally would be 
passed on to the consumer. On average, the 
retail response to rising wholesale prices in the 
current period is approximately 50% of the 
retail response to equivalent falling wholesale 
prices. 

Asymmetry is also evident in the whole- 
sale-shipping point relationships, table 3. The 
estimators indicate that wholesale price de- 
creases are more fully felt at the shipping point 
than are price increases. Recall that only the 
current period effect is being considered. In 
contrast to the results showing the consumer 
to benefit potentially from asymmetry, this lat- 
ter linkage should raise concern among pro- 
ducers since the results suggest that wholesale 
price increases are not immediately passed 
back to the shipping point to the same degree 
as are decreases. 


Lag Distribution 


The lag distributions in equation (4) were 
specified as a first-degree polynomial, where 
$, =Y]. Evidence of lag responses between 
retail and wholesale differed depending on 
whether wholesale markets were rising or 
falling. The existence of a lag during rising 
markets was questionable for cabbage and 
corn, while evidence of some decay remained 
apparent for the other products. In contrast, 
significant lag responses were observed for 
every item during periods of falling prices. 
Considerable differences in lag responses 
Occur across commodities, as shown by the 
differences in mean lags, tables 2 and 3 (Pin- 
dyck and.Rubinfeld, p. 232). In all cases, the 
carryover effect is generally small, ranging 
from nearly zero for tomatoes to more than a 
one-month mean lag for corn. In most cases, 
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decays are generally very rapid. Similar mean 
lags appear for the shipping point-wholesale 
markets, table 3. Again, the carryover price 
effect is small. In general, the major responses 
to wholesale price changes is immediately evi- 
dent at both retail and shipping points. 


The cumulative effect of a wholesale price 
max 4 


change was calculated as either © a’, for a 
max 4 j= 
rising market or Ý o"; for a falling market. 
fel 
Each summation was taken over the o; values 
up to the point where a’, < 0, o", < 0, orj = 4, 
whichever occurred first. These cumulative ef- 
fects are shown in tables 2 and 3. Without 
exception, the cumulative effect on the retail 
market was greater for declining wholesale 
prices. That is, for this sample of commod- 
ities, the model indicates that the full price 
decline eventually is reflected in retail price 
changes. In contrast, a wholesale price in- 
crease is not always fully reflected at the re- 
tail. The New York fresh tomato market is 
particularly noteworthy because the differ- 
ence between the cumulatives is quite large. 
The differences in cumulatives for the ship- 
ping point, table 3, are not as pronounced as 
the wholesale-retail differences. In general, 
the asymmetry results at the shipping point 
indicate that declining wholesale prices tend to 
be more fully passed through to the shipping 
point than for wholesale price increases. 
However, the difference is minimal for several 
of the products. 


Spread Adjustments 


The final model included a trend adjustment to 
measure the tendency for spreads between 
wholesale, retail, or shipping point prices to 
change. This is shown by T in both tables 2 
and 3. The empirical results clearly show that 
the retail-wholesale price spread bas widened 
over time. This is as expected because of the 
increases in service and distribution costs. 
Spread adjustments between the shipping 
point and wholesale markets are mixed and 
most T parameters are statistically insig- 
nificant. It is apparent that the major portion 
of the spread increase from shipping point to 
retail is occurring at the retail end. 


Summary 


This price linkage model used Wolffram’s 
asymmetry procedure with a distributed lag 
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model estimated over continuous and discon- 
tinuous data series. Price transmission mea- 
surements were made for a subset of fresh 
vegetables. The results show that the whole- 
sale market tends to be a major node for pric- 
ing. Both retail and shipping point prices gen- 
erally lag wholesale price changes. 

The asymmetric results are particularly in- 
teresting because they suggest a deviation 
from the traditional concept of constant per- 
centage markup. For this sample of fresh veg- 
etables, the evidence clearly shows that price 
changes are not transmitted throughout the 
vertical system, at least not in the same time 
period. Wholesale price increases are not to- 
tally reflected at the retail, whereas retail 
prices tend to adjust to lower wholesale 
prices. In contrast, shipping point prices tend 
to reflect more fully wholesale price decreases 
relative to increases. 

The analysis offered alternative reasons for 
the asymmetry, ranging from the structural 
considerations to the nature of the products. 
Perishability may be a major contributing fac- 
tor. 


(Received February 1981; revision accepted 
October 1981.] 
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The Structure of Food Demand: 
Interrelatedness and Duality 


Dale M. Heien 


This paper presents a new empirical demand system which mitigates the effects of 
multicollinearity while facilitating the measurement of interrelatedness. Duality theory is- 
used to derive the inverse demand functions. Using data on fourteen food items a 
complete set of demand equations is estimated in both quantity and price dependent 
forms. The model is used to test for the theoretical restrictions of homogeneity, additivity 
and negativity, as well as the habit formation hypothesis. A comparison is made between 


these results and those of Brandow and George and King. 


Key words: demand systems, flexibilities and elasticities, habit formation, 


interrelatedness, multicollinearity. 


In analyzing food demand, researchers have 
encountered two recurring difficulties. The 
first arises from the desire to measure the 
interrelatedness among farm products. Sub- 
stantial substitutability exists between various 
members of the food group, resulting in a high 
degree of collinearity among food prices. This 
collinearity has led to severe estimation prob- 
lems. The classic work by Brandow, which 
combined single-equation and complete sys- 
tems approaches, was a pioneering effort at 
measuring interrelatedness while overcoming 
the multicollinearity problem. The Frisch ap- 
proach, utilized by Brandow and George and 
King, depended on the assumption of additiv- 
ity and required measurement of the marginal 
utility of money. 

The second recurrent problem is often re- 
ferred to as the ‘‘price-dependent’’ nature of 
agricultural commodities. Early demand 
analysts, such as Sewell Wright and Henry 
Moore, recognized that for many agricultural 
products, the quantity supplied—and hence 
demanded—was predetermined. As a result, 
short-run demand variations result in price 
changes. Price dependency, as further devel- 
oped by Fox and Waugh, was viewed from a 
Statistical perspective, leaving the theoretical 
edifice incompletely developed. This void has 
led to ad hoc specifications and ambiguous 
interpretation of results. 


Dale Heien is an associate professor in the Department of Agricul- 
tural Economics and Rural Sociology, Pennsylvania State Univer- 
sity. 

The author appreciates helpful comments made by James 
Dunn, Richard King, and anonymous referees. 
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This paper introduces an applied demand 
model which mitigates the effects of multicol- 
linearity while measuring the interdependence 
among commodities. Duality theory is used to 
derive the price-dependent form of the model 
and its restrictions. Last, the model is esti- 
mated in the price- and quantity-dependent 
modes using postwar data on sixteen commod- 
ities. 


Theoretical Development 


Consider a consumer who arranges the com- 
modities under his consideration into various 
groups. Strotz called this arrangement a utility 
tree. Denoting the ith good in the sth branch as 
qs, the sub-utility function for a group may be 
written as 


(1) :7 > Bn) > 


tes 


1 ; SM 
where o, = TEMP is the Allen elasticity of 


1 — Pp, 
substitution (AES) between goods in the sth 
branch, and n, is the number of goods in that 
branch. These subgroups can then be aggre- 
gated into an overall utility function,! 


(2) U-(X«u. 


sm1 


where S refers to the total number of groups 


1 This function, called the S-branch utility tree, is treated in 
detail in Brown and Heien. The function given by (1) and (2) is 
separable, implying that the marginal rate of substitution between 
goods in two different groups is independent of the level of con- 
sumption of goods not in those groups. 
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s 
and Y n, — n is the total number of goods. 
gei 
Uzawa has shown the AES between qu and qr 
is 





c forr +s 
3) v457)],, 1 (c, — o) forr =s, 
W, 
where 
ng — 
(4) W, = S pyqy/ m. and 
je 
S ng 
(5) m= Y 5 Pals 


$21 Jes 


Maximization of (2) subject to (5) results in 
demand relationships of the form, 


(6) dsi = (Bsi/ Pai)” a,7 X, 1Z,Mm, 
where 
(7) X, EE X (Bsi/ Pa) Peis 
ies $i 
(8) Z,- aX," ', and 
S 
(9) M = X Z.. 
rei 


The price and income elasticities for (6) are 
given in appendix A.I—A.4. These relations 
possess the well-known theoretical restric- 
tions, given in appendix B.1-B.4. The assump- 
tion of separability shows up clearly in the 
elasticity expressions. As shown in Deaton 
and Muellbauer, separability results in a two- 
tier structure for the elasticity matrix; one tier 
for within group needs, another for between 
group goods. Furthermore, the separability 
assumption places restrictions on the be- 
tween-group substitution effects. In this case, 
all goods from different groups must be substi- 
tutes, and the magnitude of elasticity is pro- 
portional to the budget share. Imposing this 
assumption may appear overrestrictive. How- 
ever, two important advantages are gained. 
First, the grouping concept provides the 
framework for overcoming the multicollinear- 
ity problem. More general systems require 
more parameters and, hence, pose formidable 
estimation problems. Also, more general sys- 
tems are not mathematically tractable. For ex- 
ample, the translog utility function will not 
yield analytic expressions for the demand rela- 
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tions. The notion that intragroup price effects 
are proportional to budget shares is consistent 
with Marshall’s dictum that the own-price 
elasticity is (inter alia) proportional to the 
budget share. Second, the specification given 
here provides a framework to test the appro- 
priateness of the S-branch specification. While 
an assumption such as separability can never 
be tested in general, the S-branch does pro- 
vide a particular test. 
. The demand model given by (6) applies to 
an individual consumer. However, data used 
to estimate such models are often market 
aggregates. When dealing with market data, 
demand is sometimes considered to be prede- 
termined because of fixed short-run supply. 
When this occurs, statistical considerations 
suggest some form of price dependency.” For- 
tunately, duality theory shows how to treat 
this case in a theoretically consistent manner. 

Begin by substituting (6) into (1) and then 
(2) to obtain the indirect utility function, 

; p 


S 1/P 
U! = ($a xe] m. 


r=1 





(10) 


Minimization of (10) subject to (5) yields the 
inverse demand equations, 


(11) Psi = Baiga”! aY W, Nm, 
where 
ng 
(12) Y, = 5 Baigi”, 
tes 
La 
(13) W, = o, Y, ^, and 
S 
(14) N= 2 W,. 
rel 


Following Hicks' terminology, relations such 
as (11) are termed p-dependent, while those 
given by (6) are q-dependent. The flexibilities 
of price with respect to income and quantities 
are given in appendix A.8-A.11. A set of theo- 
retical restrictions similar to those of q- 
dependent relations, given in appendix B.5- 
B.8, apply to the inverse demand equations. It 
should be noted that while B.1 refers to the 
zero degree homogeneity of prices and income 
in q-dependent relations, B.5 refers to the ho- 


? Although statistical considerations have been the main argu- 
ment for price dependency, they also support the quantity-depen- 
dent approach. Quantities entering food demand relations are sub- 
ject to substantial measurement error partly because of the man- 
ner in which they are built up from the farm level and partly 
because of sampling error. Retail prices on the other hand are 
subject to rigorous quality control and are probably much more 
accurate measures. 
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mogeneity of prices with respect to quantities 
in the p- -dependent relations. The unit homo- 
geneity of prices with respect to income in the 
p-dependent relations is the zero degree ho- 
mogeneity property of the q-dependent func- 
tions. 


Model Specification 


The double-log demand model has found wide 
empirical acceptance; and in its most general 
form it may be written, 


S s 
(15) In gy = 5 Y ans In ps + a, In m. 

T1 jes 
Noting that o4,,; = ef; and a, = eM, sub- 
stitution of the S-branch elasticities (A.1— 
A.4) into (15) gives 


(16) Ing, = (c — 1) InP + (o, — o) In P, 
— o, In p, + Inm, 
where 
S nr 
(17) P = [ELT [psgs and 
rel jer 
ng 
(18) P, = [| pa”. 
ja 


The double-log demand function given 
above is considered an approximation to a 
more general demand function. In this sense it 
is similar to the double-log functions of the 
Rotterdam model. Relation (16) is a substan- 
tial simplification from (15). Demand for the 
sith good has been reduced from a function of 
all prices and income to a function of a 
geometric price index of all goods, a geometric 
price index of goods in the same branch, the 
own-price and income. The number of param- 
eters has been reduced from n + 1 to two. For 
even moderate size systems, this represents a 
substantial reduction and should alleviate mul- 
ticollinearity. Moreover, this system permits a 
theoretical analysis of how the various price 
indexes (the P and P,’s) are constructed and 
how the underlying utility function is struc- 
tured. The complete system restrictions given 
by B.1-B.4, with one exception, also will be 
satisfied by (16). As is apparent, (16) requires 
that the w,;’s and W,,’s (see A.5-A.7) appear 
on the right-hand side in the computation of P 
and P,. For the S-branch system, the respec- 
tive budget shares are not constants but are 
functions of prices. If, for estimation pur- 
poses, the actual w,,’s are replaced by their 
sample means (w,,’s), then the restrictions will 
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hold only to the extent that each sample 
budget share equals the actual budget share. 
Hence, this system is termed the almost com- 
plete system (ACS). 

Proceeding in an analogous manner for the 
inverse demand relations, let? 


$ 0n 
In Zy = y > fun In qr, 


rel jer 


(19) 


and substituting A.8-A.11 into (19) gives 
Q0) Inz, = -p ln Q ~ (p, — p) In Q, 
+ 


(p, = 1) In dr» 
where 
S pt 
(21) Q = [] [| as. and 
rel jer 
Q2) O, = | a^. 
jes 


Equation (20) gives the normalized price of 
the sith good as a function of the quantity 
demanded of that good, a quantity index (Q,) 
of the goods in the sth branch, and a quantity 
index (Q) of all goods. 

Although (16) is homogenous of degree 
zero, there is no compelling reason to impose 
this constraint on the market demand, as re- 
cent studies have shown.‘ Hence, it will be left 
as a hypothesis to be tested, along with 
negativity and additivity. In view of these con- 
siderations, (16) may be written as 


(23) Ing, = ay + b,lnP + cylnP, 
+ d,lnP5 + ey In m. 


Virtually all studies which have tested some 
form of the habit formation or adjustment hy- 
pothesis have confirmed its existence. For this 
model, the simple but intuitively appealing 
partial adjustment model is used, where 


(24) (qu/ga) = (a*4/g)9", 


where g,; is the lagged value of qx, q*,, denotes 
the desired level of qu or (23), and Oy is the 
proportion of the desired level which is 
achieved in any period. Using (23) and (24) 
gives 


(25) In ga = ay O, + b, Ou In P 
+ cy Ou In P, + dy On In pa 
+ eu Ou lnm + (1 pen 0,4) In gsis 


rane 
3 It is worth noting that f = 1.0 for all inverse-demand sys- 
tems. Hence, all inverse demands can be written in normalized 
form, or, z, = f (qu... + Ga) Where z, = p/m. 
* See, for example, Deaton; and Green, Pope, and Eales. This 
result is not surprising in view of the aggregation conditions sur- 
rounding the problem. On the aggregation conditions, see Lau. 
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which is the model to be estimated for the 
ACS q-dependent system. This empirical for- 
mulation differs considerably from its theoret- 
ical counterpart, (16). The main difference is 
the specification of a unique parameter for 
each variable for each equation. This in- 
creased flexibility will be used to test the ap- 
propriateness of the S-branch model and to 
test the theoretical restrictions. The latter 
tests are 


homogeneity: 
b, + Cu + da + eg = 9 Yy si, 


additivity: 
S 


> 


gmi 


3 Wet eg = 1.0, 
ies 


negativity: 
Wy ba + Wu Cu + dy < 0 V si. 


Tests for the constancy of o can be made by 
determining if individual b, are significantly 
different from the mean of the b,,’s. Similar 
tests can be made for the constancy of the 
c,'s. Homotheticity, (eg = 1.0), can be 
tested for each relation in a straightforward 
way. Analogous tests can be made on the in- 
verse demand equations. The empirical spec- 
ification for the inverse demand system is 


Q6) In pu = f, + Ay In Q + kalna Q, 
+ ng In gu ry In m. 


Empirical Results 


The statistical tests for the ACS system were 
conducted using annual time-series data cover- 
ing 1947-79. The individual commodities and 
their respective groups are listed in table 1. 
The data on quantities consumed per capita 
for nonaggregated food items were obtained 
from various issues of Food Consumption, 
Prices, and Expenditures (USDA). Data on 
aggregate food categories were obtained by 
computing divisia indexes of price and quan- 
tity from the individual components. The food 
data were then augmented with U.S. income 
and product accounts data to include other 
nondurables and services. 

The relations given by (25) and (26) were 
estimated using nonlinear three-stage least 
squares. The results for the g-dependent sys- 
tem are given in table 1. Column (1) gives the 
overall and group budget shares for each good. 
Columns (2)-(7) give the parameter estimates 
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and their f-ratios (below in parentheses). The 
reasonably high f-ratios on many of the pa- 
rameters are evidence that the system has 
succeeded to some extent in overcoming mul- 
ticollinearity. The estimates of the habit com- 
ponent, column (7), are in line with the find- 
ings of Brown and Heien for food products. 
Furthermore, these estimates are considerably 
lower than those found in more aggregative 
studies, such as Pollak and Wales and Hou- 
thakker and Taylor. Hence, it appears that 
habit, when examined at a disaggregated level, 
is not as significant as previous studies sug- 
gest. 

Column (8) gives the degree of homogeneity 
in prices and income. The r-ratio, below in 
parentheses, is for the zero-degree homoge- 
neity test for each relation. For all items but 
four (margarine, bread and cereal, services, 
and other nondurables) the degree of homoge- 
neity was not significantly different from zero. 
Column (9) gives the own-price elasticity and 
forms the basis for the negativity test. The 
t-ratios indicate that the own-price elasticity is 
significantly less than zero. In all cases the 
point estimate of the own-price elasticity is 
negative, and in nine cases it exceeds twice its 
standard error. Column (10) gives information 
regarding the appropriateness of the S-branch 
specification. The statistic, 1.14, is the overall 
mean of c from each regression. Below the 
estimates are the /-ratios for the test of whether 
the individual o’s are significantly different 
from 1.14 (taken as a fixed number). The re- 
sults indicate that in only three cases is the 
individual o significantly different from the 
system-wide mean. Hence, the assumption of 
a common elasticity of substitution between 
goods in different groups cannot be rejected. 
Column (11) presents similar information re- 
garding tests for the elasticity of substitution 
within each group. For the protein group, the 
mean is .75. In one case, eggs, the individual 
c, is significantly different from the group 
mean. For the fruits and nonfood groups, the 
assumption of a common elasticity of substitu- 
tion within groups does not appear to be war- 
ranted. Column (12) presents the tests for 
unitary income elasticity (homotheticity). For 
the majority of commodities, the tests indicate 
that homotheticity should be rejected. The 
budget-share-weighted sum of the income 
elasticities is .922, which is not significantly 
different from 1.0 by the two standard errors 
test. Hence, the assumption of additivity (B.3) 
cannot be rejected. 
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Table 2 presents analogous statistics for the 
ACS system estimated in the p-dependent 
form of equation (26). Columns (2)-(6) display 
high r-ratios, evidencing a lack of collinearity. 
The t-ratios appear generally to be higher for 
the p-dependent case. This is not surprising 
since there is less correlation among the q,;’s 
than the px’ s. This lack of correlation is one of 
the main reasons for estimating demand 
curves in the p-dependent form. Column (7) 
presents the t-ratios for the zero degree homo- 
geneity of prices and income test. For p- 
dependent relations, this condition appears as 
a unitary elasticity of price with respect to 
income. In eight cases the t-ratios exceeded 
2.0, indicating that this assumption is rejected. 
This is contrary to the findings for the q- 
dependent system. Column (8) gives the re- 
sults of the test for homogeneity of quan- 
tities-B.5. In seven cases the f-ratio exceeded 
two, and for several others it exceeded one. 
Hence, the hypothesis of minus unitary homo- 
geneity of quantities is rejected. 

The test of negativity, column (9), shows 
general lack of rejection. In twelve cases the 
t-ratios exceeded 2.0 and were generally quite 
high. Column (10) presents the tests for the 
constancy across all commodities of p. The 
overall mean of p is .93. In seven cases the 
individual estimate of p is significantly differ- 
ent from the overall mean. Hence, for the 
p-dependent system the assumption of a 
common elasticity of substitution is rejected. 

Column (11) gives the test statistics for in- 
tragroup constancy of p, Here the results 
show a general rejection of the notion of a 
common elasticity of substitution within 
groups. For the g-dependent system con- 
stancy of o and c, generally was not rejected. 
In the p-dependent case both are rejected. 
However, two caveats are appropriate. First, 
as seen from (16), unambiguous estimates of o 
and c, are not possible. The tests given here 
used ô = b, — 1 and 6, = da. Hence, the 
estimates of o and o, implied by c, were ig- 
nored. The only way to resolve this ambiguity 
is to impose zero-degree homogeneity and 
eliminate c,,. Then the homogeneity test would 
not be possible. Similar comments apply to the 
estimation of p and p,. Second, the tests as- 
sumed that the overall mean and group means 
were nonstochastic. 

In summary, the above tests revealed five 
main findings. First, both systems showed a 
high degree of statistical precision as revealed 
by the standard errors of the parameter esti- 
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mates. This precision indicates that the ACS 
system has been successful to some extent in 
mitigating the effects of multicollinearity. The 
main reason for less multicollinearity is the 
significant reduction in RHS variables made 
possible by the a priori utility specification. In 
return for this benefit, the ACS system re- 
quires that the a priori assumption of sepa- 
rability and the grouping of commodities be 
generally appropriate. Second, the maintained 
hypothesis of negativity is overwhelmingly not 
rejected in both systems. Third, the main- 
tained hypothesis of homogeneity in prices 
and income is accepted in the q-dependent 
system and rejected in the p-dependent one. 
Similarly, the S-branch notion of constant 
elasticities of substitution is accepted in the 
q-dependent system and rejected in the other. 
Lastly, although the estimates show that habit 
plays a significant role in food demand, it is 
not as large as other studies on more aggregate 
commodities suggest. The assumption of 
homotheticity also was uniformly rejected. 

The elasticity matrix associated with the 
q-dependent system is given in table 3. The 
matrix reflects substantial intragroup substitu- 
tion and quite small intergroup effects. Larger 
intergroup effects do occur for beef, other 
nondurables, and services. Large intergroup 
effects were not excluded a priori and are al- 
lowed for through the effect of P. As an empir- 
ical matter, these effects were not large. The 
income elasticities associated with the matrix 
are given by eş, column (6), table 1. Although 
not shown here, the flexibility matrix asso- 
ciated with the p-dependent estimates of table 
2 was computed. It revealed a pattern similar 
to the elasticity matrix. 

In comparing the above results with those of 
Brandow and George and King, several points 
come to mind. First, all three systems show 
similar structure: large intragroup and small 
intergroup effects. All three studies rely on the 
grouping concept, and to some extent the 
groups are similar. Second, there is consider- 
able similarity in the own-price elasticity. All 
three studies found the price elasticity for eggs 
to be near —.30. Similar elasticities were also 
found for beef, pork, and milk; while those for 
chicken, butter, and fruits differed consid- 
erably. Third, more divergence was found 
among the income elasticities. For example, 
George and King and Brandow found beef in- 
come elasticities of .29 and .47, respectively. 
The present study found it to be 1.27. Fourth, 
the Brandow and George and King studies 


Structure of Food Demand 219 








Heien 









(80°1) (20°?) aeg (Le) TEY (STP) (cco (10'O (PL'I) USH) Bss 
ELY L6't- Ss" c0'I 6r 66° Y6'v— L6'* 60'6— yor" S23IAI9S 
(9120) (19) arz) (81) PST (LEBI) (ep (0£^) GU (0€ D the" 
SUI- OL To TL- 6S'I- yaa 9¢°- Le OL I- *€I poe" sa[qenpuou J3yIO 
SPT poojuoN 
(LE) (60 (190 (0U'D sot (05791) (06) Gr) (02) (vs) SET 
8L-— 8t TI 0£'— 89'I— 6° Lt - £0'— 8€I—- LE'I 610° AVN 
(86°€) (98'S) zy) (6€ c) l€v (8p 12) (tcc) (ar'D (pSO1) (c€' 90£ 
£€—- £8 i+ $9'—- LLT- stl 9p- 8pr- €81- €6's ¥7Z0" [89195 pug peg 
(890) (bt (SET) (4'1) 76'I Gri) (re) (08) (29€) (ttz) (2: 
80°1- 89 zz- LS'— 06° 9c — LC 8€— Ley S10" S3]q81389A Qsa1q 
(680 (c, D (£69) (90) 98° (sr9 (9r'9 (c8 (£6 (ci. D 9LY 
LES- 107+ $8'I— Ly- yan c9'0— 96'p I0'z— 69'L— IO $90]e10d 
(8T D (IL) (98^) GTI) osz (€1'02) (FTD (82779) (Se €) (78'S) L60' 
CT £6 + to 09° 68° TE IPI. £6`— vy$8—- L00° So[q?12824 passadolg 
96'T— pooj 19410 
(87'e) (€s"¢) (€8"¢) (€6'€) BEZ (981) (0c 9) (ry (9076) (reo ler 
$9'— LOZ+ gg — 69°7 611 n 9p- Loc- tLS 800° unay pouuBD 
(v8 D) (6L'1) (179) (e D 00I (95'LD (ceo aes) (LU9) (91°) EOS’ 
S£€— ?UPI 9£'—- cL1 90T a= 9p — Þr- LU 010° una qsoaq 
(STD (L'I) (s87) (£9'1) IU (99€) ($9) (0c 2) (LO) (0r'O 990° 
£p' Qc c 0r-—- 9p'£— €0'I = | Ae oe ozz- 68°01 100° saint BUBI UIZOLJ 
6r— Suny 
(r9'D (89€) (09°11) (cs'€) 9L'€ (ETI) (1€°6) (sc'& (6L°S) (91: vet" 
9£g'— BTT 60'I— 99'£— 6r'I £6 — Sp— 8cc- SPs 200° aULIBs IBA 
(£8) ($0 D (98) (99']) gi'r 08t) (Lb) (8U'O (c£) (Tre) Spo" 
Ir LV Ig- 00 Z— vs" 60° t6 — LVI- 60°S oro: 13mg 
El — speaidg 
(L0 D (zs) (080 (160 £I (s9'y) (r$) (19€) (981) (0970 EET 
A 601 gE- 6L'C— 6L 9p- TSI 60'1— 98'9 010" TLIC 
(00°T) ($62) (856) (zo's) 607 (88:8) (£8 v1) (0c v) (90D (967) 81r 
LS 9p — 6&1— Sec 66 £F [- 8€T- oF" 8L— 800° u92tu 
(86) (86) (16°8) Guo 80' (9078) (8689) (L0 v) (67) (8p'2 967 
vv 99 * 990'1— 6t'C— I0't 89'— SzI- 9g'— See c0 ylog 
(ose) GS v) (Gr 2D (00 Iv ($96) (£9'1D) (09) GL (ses) rás 
oL 0g — 90'1— £9'—- 08° [AUA IE- 0€ 8L'*— 620° Jesg 
9c ut9101d 
1d (£6 4) Aun sannuenQ S92ld n, my By "y uf "n Aipowuos 
d -B3ON KiouoSouoH Hm dnoin 
(11) (01) (6) (8) FA) (9) (9 (o. (£) (o (D 





ui3jsáS SOY JUspusdag-d 10} syjnsəy qpeorgdurq "7 AWL 


220 May 1982 


Income 
I 


Other 
Nondu- 
rables 





E 2 
D: 

» a 
A E 
w à 
< 

£ 

Q 

ki 

i-i 

E HE 
Â D 
& 

Gm 

[s] z| 3 
E &|s 
E 

È 

S 

B 

3 

ica) 

ei 

2 

2 te 
SS v 
E RE 


Services 

~0. 
-0 
-0 
-0 

1 
-0 

0 
-0 


ik 

012 
009 
002 
004 
067 
023 
024 
027 


Eggs 
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0.364 
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imposed the various theoretical restrictions on 
the elasticity matrix. The present study tested 
the assumptions, and the matrix does not sat- 
isfy these restrictions exactly. Fifth, in the 
present study all price and income effects are 
estimated in a one-step regression (nonlinear 
three-stage least squares). In the other stud- 
ies, information on elasticities obtained from 
various single equation regressions was com- 
bined with the Frisch approach to compute 
elasticities for goods on whom no cross-price 
information was available. Last, the present 
study includes a dynamic specification for the 
demand model which was not present in the 
previous studies. Hence, it is possible to dis- 
tinguish between short- and long-run demand. 


Summary 


The results of this paper may be summarized 
as follows. First, a new demand model, the 
ACS system, has been introduced. This sys- 
tem is designed to mitigate the effects of mul- 
ticollinearity and facilitate the measurement of 
cross-price effects. It has the feature of being 
tractable in terms of a parent utility function. 
The model is applicable to single-equation 
situations as well as complete systems. Sec- 
ond, the theory of inverse demand equations 
has been presented. Third, a complete set of de- 
mand relations for fourteen food items was 
estimated in both the quantity- and price-de- 
pendent form. The model permits tests on 
the theoretical restrictions of homogeneity, 
negativity, and additivity. All three assump- 
tions could not be rejected for the p-dependent 
systems. Homogeneity was rejected in the 
p-dependent system. Estimates of the role of 
habit showed it to be significant, but less than 
suggested by studies using more aggregate 
data. 


[Received January 1981; revision accepted 
October 1981.] 
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Appendix 


Elasticity-Flexibility Relations 


A. Elasticities and Flexibilities for ACS System 
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B. Theoretical Restrictions on Complete Demand Sys- 
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Inventory Adjustment and Dynamic 


Winery Behavior 


Michael K. Wohlgenant 


This paper develops a dynamic model of processor behavior which is applied to the 
California wine industry. Price, production, and input demand functions are derived from 
an optimal control model which takes into account inventory growth from aging and the 
linkage between product inventories and input purchases. An important feature of the 
model is that expected future market conditions and beginning inventories influence 
current behavior through changes in the inventory shadow price. The empirical results 
generally conform to the theoretical specification and emphasize the role of demand 


expectations on winery behavior. 


Key words: inventory theory, optimal control theory, processor behavior, wine. 


This paper presents a dynamic model of pro- 
cessor behavior which is applied to the Cali- 
fornia wine industry. Although the model was 
developed primarily for estimating dynamic 
behavior in the wine industry, it also serves as 
a more general framework for specifying be- 
havioral relationships in agricultural process- 
ing. The general approach to modeling dy- 
namic processor behavior draws on recent 
contributions by Hay and, in particular, Mac- 
cini (1976, 1977). In this approach, the indus- 
try behavioral equations are derived from a 
dynamic optimization model of a representa- 
tive firm. A key feature is that the firm is 
viewed as a short-run monopolist setting 
product price, the rate of output, and inven- 
tories to maximize expected present value of 
future net revenue. 

This approach has the advantage of provid- 
ing a strong theoretical underpinning of vari- 
ous factors (product demand expectations, 
input price expectations, beginning inventory, 
etc.) which influence the maximizing process. 
The model developed here considers explicitly 
the linkage between product inventory ad- 
justment and raw material input purchases. 
Factor input choices are linked to the rate of 
output through the production function. 
Therefore, factors which influence output 
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price, production, and inventory behavior also 
would be expected to influence the demand for 
purchased raw materials. 

Before presenting the development of the 
dynamic model in detail, a few features of the 
wine industry are sketched briefly to indicate 
why various aspects of the dynamic model are 
relevant to modeling winery behavior. In 1972, 
the four-firm concentration ratio in the wine 
industry was approximately 0.5, according to 
the Census of Manufacturers (U.S. Dep. of 
Commerce). Considerable product heteroge- 
neity exists among the various brands of wine 
with brand loyalty an important characteristic 
of demand (Folwell and Baritelle). The four 
major wine products are table wine, dessert 
wine, sparkling wine, and brandy. Table and 
dessert wine are the two most important prod- 
ucts, accounting for approximately 90% of all 
wine shipments from California (Wine Insti- 
tute, Wine Industry Statistical Report). Wine 
is a storable product, and some wines can be 
aged for quality enhancement. Detailed infor- 
mation on individual firm stocks is not avail- 
able. However, industry inventory-shipment 
ratios of each major product, except sparkling 
wine, historically have exceeded one, suggest- 
ing considerable storage from one crop year to 
the next. Grapes purchased for crushing are 
reported (California Crop and Livestock Re- 
porting Service) by type and variety: raisin 
grapes (five varieties, of which Thompson 
Seedless was 487 thousand tons of total crush- 
ings of all grapes of 2.0 million tons in 1978); 
table grapes (22 varieties of 142 thousand 
tons) and wine grapes (32 white varieties of 
472 thousand tons and 45 black varieties of 883 
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thousand tons). Grapes are blended to pro- 
duce desired qualities. A detailed linking of 
varieties to wines produced would be a study 
in itself. However; the three grape types are 
distinct enough in price terms to allow an 
aggregate analysis. 

With this brief background, the paper pre- 
sents a theoretical model for an individual firm 
and empirical results from the aggregate indus- 
try model applied to the wine industry. 


Dynamic Model of an Individual Processor 


Consider a representative processor in an 
industry, such as wine, engaged in production, 
storage, and sale of a single commodity. At the 
beginning of each time period, the firm holds a 
given stock of the commodity and selects time 
paths of its decision variables (rate of output, 
output price, and quantities of factor inputs) 
which maximize the expected present value of 
future net revenue. The basic components of 
this model are a net revenue function, a 
production function linking factor input 
quantities to the rate of output, and an 
inventory accumulation equation to describe 
how the capital stock changes as decisions are 
made and the state of the system changes. The 
model is formulated in continuous rather than 
discrete time to facilitate derivation of the 
decision rules. In the empirical analysis, the 
behavioral relationships are then expressed in 
discrete time units. 


Behavioral Assumptions 


A distinguishing characteristic of wine manu- 
facturing is quality enhancement from length 
of time in storage (i.e., aging). Quality changes 
from aging could be directly introduced into 
the net revenue function. However, the ap- 
proach taken here is to incorporate them into 
the specification of the inventory accumula- 
tion equation as done by Rausser and 
Hochman (p. 46). Let t denote the time at 
which the firm implements its decisions, and 
let 7 refer to a point in time in the firm's plan- 
ning horizon, where t = 7 < o. Let k(7) refer 
to the firm's expected stock of a given wine 
vintage at 7 (i.e., wine of a given age), q(7) 
denote planned production, and s(r) denote 
the expected quantity of wine sold. With the 
proportionate rate of quality change assumed 
independent of the stock size, the stock ac- 
cumulation equation is 
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() Kt) = AD) = gir) - str) 


+ u(T,t)k(T); k(t) = ki, utt) = Mets 


where uí(r,f) is the proportionate rate of 
quality change from length of time in storage. 
This equation states that the time rate of 
change in the wine stock at v equals the 
difference between the amount produced and 
sold at 7 plus the rate of appreciation in the 
stock from holding it in inventory an 
additional time period. This specification 
indicates that at the end of a particular time 
period, during which quality is increasing at a 
constant proportional rate, i, one gallon of old 
wine is equal to 1 + p gallons of new wine. In 
general, the proportionate rate of quality 
change is not constant but is a function of the 
length of time the wine is aged. Thus, the 
quality parameter is a function of both t and 7. 

Sometimes we may assume that the firm is a 
price taker in the product market. Here we 
consider the more general specification in 
which the firm is assumed to behave as a 
short-run monopolist. The firm's perceived 
demand function is 


Q) s(r) = n[p(r), p«*(7), se*(7)] 


n,«0,n, > 0,n, > 0, 


where p(r) is the price the individual firm 
charges for its commodity, p,°(r) is the firm's 
expectation of the average industry market 
price at r (assumed not to be affected by the 
individual firm's price), and s,*(7) is the firm's 
expectation of market demand at 7 (expected 
industry shipments). This demand function 
suggests that the firm may influence its market 
share by varying its price relative to the aver- 
age industry price (Maccini 1976, pp. 189—90). 
Expected net revenue is 


G) Mr) = prs) 
- Y réal) — else), k()], 


imi 
where r,°(r) is the firm's expected price of the 
ith input at 7, (T) is the quantity of the ith 
input purchased at 7, and g(r) denotes ex- 
pected inventory costs. (Selling costs are not 
included in the theoretical analysis but are in 
the empirical model.) 

The sales rate and commodity inventory ap- 
pear in the inventory cost function to reflect 
direct storage costs and savings (convenience 
benefits) from holding inventory. Direct stor- 
age costs include costs of placing the commod- 
ity in storage, maintaining it while in storage, 
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insuring it, etc. Savings accrue to processors 
from holding ‘‘pipeline’’ stocks. In particular, 
added inventory coverage (shown by the in- 
ventory-shipment ratio) reduces the likelihood 
of stockouts from unanticipated demand fluc- 
tuations. It also yields savings from reduced 
transaction costs and added flexibility in pro- 
duction and distribution. Overall, storage 
costs would be expected first to fall as cost 
savings from inventory coverage occur and 
then to rise as direct holding costs become 
dominant. 
The production function is 


(4) q(t) = f[x(r)], 


where x(t) = [xi(r), xs(T), .. . , Xm(7)} and 
f(*) is assumed to be twice differentiable with 
positive and diminishing marginal products. 


Net Revenue Maximization and Optimal 
Inventory Accumulation 


The firm is assumed to select the time paths of 
its decisions variables so as to maximize the 
expected present value of future net revenue. 
This general problem is mathematically in- 
tractable; but with first-order certainty equiva- 
lence, it reduces to maximizing the present 
value of future net revenue with each stochas- 
tic variable being replaced by its conditional 
expectation (Nerlove or Malinvaud). Under 
this specification the firm is assumed to 
maximize 


(5) 


subject to (1), (2), and (4). II(r) is defined in 
(3) and p is the instantaneous interest rate. All 
prices are in real, rather than nominal, values. 

To solve the optimization problem, notice 
that for a given planned rate of output, condi- 
tional factor demand functions may be ob- 
tained by simply minimizing input costs for 
each time period subject to the production 


[| neca, 
t 


function in (4). These demand functions are! . 


(6) xi(7) = Xalr*(7), q(7)]; i = 1, 2, E 
where 


re(r) T [ri*(7), r°(7), 8; cer deny Fat (7)]' 
0x4 /àr, < 0, and dx,,/dq > 0. 


sM, 


To further simplify derivation of the decision 


! This step is valid provided the winery is a price taker in the 
markets for all its factor inputs, including grapes, and incurs no 
adjustment costs. 
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rules, expected shipments, s(r), are selected 
as a control variable rather than output price. 
This means that the firm's inverse demand 
function must be obtained from (2) as 


(7) p(r) = h[s(y), pe*(7), Sa°(r)]; 
hs <0, hp, > 0, hs, > 0. 


Upon substituting (6) and (7) into (3) and the 
resulting expression into (5), the firm's 
maximization problem becomes 


(8) [ hsc), pat), s00) 


— efr*(z), q(7)] — &[s(7), k()] e ^«7?dr, 


subject to the inventory equation in (1), where 
m 


c[r*(7), q(7)] = >) rif(7)xai(7). 


i=l 


The First-Period Decision Rules 


To facilitate derivation of the decision rules, 
assume that the firm takes p,°, Saf, r*, and p as 
constant over its planning horizon. Hence, 


Pat (T) = pef (t) = Pat, 
Saf (T) = Saf (t) = Saf, 
nel) = nf(t) = r£, and 


pst) = utt) = pe. 


These assumptions are logical if the expected 
variables are the expected *'normal"' levels of 
these variables (Nerlove, Grether, Carvalho, 
chap. 13). The quality change parameter, p, 
may be viewed as constant over the firm's 
planning horizon if the initial position of the 
firm at ¢ is relatively close to its equilibrium 
position. 

Furthermore, to obtain determinate coeffi- 
cient signs of the decision rules, the Hamil- 
tonian function (9) is assumed to be concave 
in q, 5, and k; and 


(12) 8sk T &ks < 0, 
sa ^ 0 
hss, > 0, and 
Car; > 0. 


With these assumptions, the equations in 
(10) may be reduced to an autonomous system 
of first-order differential equations in A and k 
and solved for optimal policies at t. The solu- 
tion for the shadow price of mventory at 1 is 


(13) At = AÇ Pat, Saf, TE, Mets po K), 


where 
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Apa > 0, req > 0, Ar, > 0, Au > 0, 4, < 0, Ap < O. 


This specification indicates intuitively that an 
increase in expected demand (through pa? or 
Sq°), an increase in the rate of quality change, a 
decrease in the interest rate, and a decrease in 
the initial inventory level would increase the 
shadow price of inventory. The marginal ef- 
fect of a change in rj on À is that an increase 
in the expected future price of the ith input 
gives the firm an incentive to expand produc- 
tion and increase inventories at time f. This is 
because the ith input is now less expensive 
relative to the future. 

The Hamiltonian corresponding to this 
problem is 


(9) H()- e-*-"(h[s&), pa), sst()]s6) 
— c[r*(7), q(7)] — g[s(r), k()] 
+ A(r)[g(r) — s(t) + n(r,t)k()]) 


where A(r) is the current-value shadow price 
of inventory. Assume an interior maximum 
exists and let subscripts denote partial deriva- 
tives. Then, as shown by Arrow and Kurz, the 
necessary conditions for maximization of H (r) 
include 


(10a) —cqé(r*,q) * X = 0, 


(10b) A(S, Pafs 555) + h(S, pa^, 555)5 
— g,(s,k) — À = 0, 


(0c)  —gx(s,k) + uà = pà — X, 


(10d) g(r) — s(t) + u(r.t)k(T) 
= k(r), k(t) = k,, and 


(10e) lim e7?*-7? A(T) = 0. 


Equation (10a) states that marginal production 
costs must equal marginal returns from an in- 
crement in the rate of output, with marginal 
returns just equal to the shadow price of in- 
ventory. Condition (10b) indicates that the 
firm should equate marginal returns from an 
increment in sales with marginal costs of an 
increment in sales. Marginal returns, in this 


case, equal marginal revenue from quantity 


sold atr, while marginal costs equal the sum of 
marginal storage costs from an increment in 
sales plus the shadow price of inventory. 
Equation (10c) is the adjoint condition illus- 
trating the factors the firm implicitly considers 
in inventory accumulation, including quality 
enhancement. Rearrange (10c) as 


(10f) BÀ = pd + gx(s,k). 


Since à is the current-value shadow price of 


À + 
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inventory of a given wine vintage, it repre- 
sents the capital value of storing a gallon of 
wine of given quality at time v. Marginal re- 
turns from storing an additional gallon consist 
of the capital value increment with given qual- 
ity (A) and the capital value increment due 
to quality enhancement from aging, (uA). 
Equation (10f) shows that the marginal re- 
turns must equal the marginal costs of adding 
inventory, with marginal costs equaling the 
sum of interest and marginal inventory holding 
costs. Notice also that (10f) indicates that the 
rate of return from storing wine will be greater 
(and the stock size larger) (a) the larger the 
increment in expected marginal net revenue 
from sale of the commodity with given quality, 
(b)the larger the proportionate increase in 
product quality from storage, and (c)the 
lower the marginal costs of adding inventory. 
With a solution for the inventory shadow 
price, the decision rules regarding p, and q, are 
straightforward. Solve equations (7), (10a), 
(10b) and (13) simultaneously to obtain 


i (14) P:i = P(Pat’; Sat; re’, Me, Ptr ki), 
where 
Pog = Palpa — (hva + hspas)]/A + hpa € 0, 
Psa = h ss = (hisa + ha45)]/4 F hsa = 0, 


Pr, = hàn /A > 0, 

Pu d hju/A > 0, 

Pp = hrp/A < 0, 

Dy = hg(Ax + 8sx)/A < 0, and 
= (has + 2h, — 8s) < 0; 


(15) 
ae = QU Pat’: Sac, rf, Po Pr ki), 
where 
d» = Apa/ Caa > 0, 
ds, = Àsa/ Caa > 9, 
dr = ew x Cor) / Coq = 0, 
qu = Nuf Ca > 0, 


do = Ap/Caq < 0, and 

qx = Akf Caa < 
The sign restrictions on À and Ce follow from 
the concavity of the Hamiltonian function, (9). 
The remaining sign restrictions are derived 
from (12) and (13). 

With a few exceptions, the expected signs of 
equations (14) and (15) are intuitively plausi- 
ble. An increase in the expected ith input 
price, an increase in the rate of quality change, 
a decrease in the interest rate, and a decrease 
in the beginning inventory level all lead the 
firm to increase its output price. The effect of 
an increase in expected demand (through p,° 
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or 55^) on p is indeterminate because it also 
encourages the firm to lower its price and in- 
crease its sales in the current period. This 
effect, however, is likely small, and it seems 
plausible to expect that p,, > 0. 

With the exception of a change in r the 
expected coefficient signs of the production 
equation (15) are the same as the price equa- 
tion (14). The marginal effect of an increase in 
the expected ith input price on production is 
indeterminate because the firm has in incen- 
tive to substitute current purchases for future 
purchases if r, is expected to increase. It 
seems plausible to expect that the current pe- 
riod effect will dominate the effect from future 
price changes. Thus, we expect that q,, < 0. 

Since input choices are linked to the 
planned rate of output through (6), demand 
functions which include the scale effect may 
be obtained by substituting (15) into (6). 
These equations have the form: 


(16) Xu = Xi(Pat®, Sat’; rf, Lt Pts kj), 


where 
9xi/0pa Em (8x4/8q) (8q/8pa) > 0, 
0x,/0s, = (8Xa/9q)(dg/dSq) > 0, 


9x,/8r, = AXq/dr, + (0xa/aq)(0g/àrj) < 0, 
Ax,/Ory = AXqj/dry + (Xa/3q)(3q/ðr;) & 0, 


j*i, 
0x,/üp, = (8xe/0q)(8q/8p.) > 0, 
8x,/80p = (AxXu/8q)(dq/dp) < 0, and 
àx,/ük = (0xg/8aq)(80q/ak) < 0. 


Observe that the partial derivatives with re- 
spect to Pg, Sa, H, p, and k have the same signs 
as with the production equation (15). This is 
because their effects enter only through the 
scale effect. As expected, the own-price effect 
is negative. However, the effect of a change in 
r, on demand for x, is indeterminate because of 
possible offsetting scale effects. Observe that 
if the production function reflects a fixed pro- 
portions technology, equations (15) and (16) 
are equal except for the fixed input-output 
coefficients. The more general specification is 
used to account for substitution between grape 
varieties and marketing inputs in wine man- 
ufacturing. 

To summarize, equations (14)-(16) indicate 
that the decision variables of the individual 
firm are jointly influenced by factors affecting 
inventory investment. This is because each 
decision variable is influenced by changes in 
the shadow price of inventory which, in turn, 
is affected by changes in expected demand and 
cost conditions, and the initial inventory level. 


Ho dgi 
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This model precisely specifies the factors that 
one would expect to influence price, output, 
input purchases, and Spice inventory ad- 
justment. 


Econometric Analysis of Winery Behavior 


The model’s qualitative properties, equations 
(14)-(16), are useful for industry analysis 
where multiple products, expectations, and 
possible aggregation errors are present. This 
section discusses the modifications of the firm 
model required for the industry analysis and 
presents econometric results for winery be- 
havior. 


The Industry Model 


The multiple product case can be reconciled 
with the single-product model if the underlying 
production structure is nonjoint in its inputs 
(Lau, p. 287) or if each firm specializes in a 
single product. In either case, each price and 
production equation refers to a specific com- 
modity. Each raw product demand function 
refers to the amount of each input used in each 
final product. This creates a slight problem in 
formulating grape demand functions because 
data are not available on the proportion of 
each grape type used in each wine product. 
Consequently, only three grape demand equa- 
tions are estimated (wine, table, and raisin- 
type grapes). Each demand function is ex- 
pressed as a function of beginning inventories, 
expected industry shipments, and expected 
prices of all wine produced from a given grape 
type. Because this specification contains many 
parameters to estimate, expected wine ship- 
ments and beginning inventories were each 
replaced by sum aggregates and the separate 
wine prices were aggregated into an index, 
whose weights are the proportions of each 
product in total shipments.? 

Because data for sparkling wine and brandy 
are not available, their price and production 
equations were not estimated. The price index 
used in the grape demand equations consists 
only of table and dessert wine prices. Finally, 
because of incomplete manufacturing cost 
data, a cost index was constructed to reflect 
changes in processing and marketing prices 
over time. It was developed from industry 


? The weights are 0.41 for table wine and 0.59 for dessert wine, 
the 1963 estimated relative importance of each reported in 
Wholesale Prices and Price Indexes (U.S. Department of Labor). 
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sample cost data and published price changes 
for important components.? 

Another aggregation problem concerns how 
changes in the age distribution of stocks affect 
winery behavior. Recall that the individual 
firm decision rules refer to a given wine vin- 
tage. Therefore, aggregation over firms and 
commodities will produce industry behavioral 
equations which depend upon the age distribu- 
tion of the wine stock at time ¢. Furthermore, 
the quality change parameter (u) will be 
influenced by changes in the inventory age 
distribution. Detailed information on the age 
composition of wine is not available. There- 
fore, it was not possible to account for this in 
the econometric analysis. This is probably in- 
significant since most of the commercial wine 
produced in California historically has been 
of standard or nonpremium quality. Also, 
changes in the quality of wine sold should be 
reflected in wine prices, although little infor- 
mation is available on the composition of the 
data used in the price indexes. 

With the above limitations in mind, the in- 
dustry model is specified as 


(17) Xu = ag + oi Rug + os Rag + aRro® 
+ aCe + agP + ag 
+ a K, + Gg T t Ue, 


(18) Qi = Bos + BisRrwooe® + Bot + BasRro® 
+ Bü4Ct£€ + BsPyt + Bays. 
*oBuKy + BaT + Urs, 


(19) Pie = Yoy + YuRtua* + YR + yssRrai* 
+ yas? + ysiPu? + Yas 
+ YuK + yai] + Ug, and 


(20) Kiri = Ky + Qn — Sy, 


where i = wg, tg, rg (wine, table, and raisin 
grapes, respectively) and j = tw, dw (table and 
dessert wine, respectively). Capital letters 
now denote industry aggregates. C, is an 
index of expected normal marketing prices, P, 
is an index of expected normal wine prices, 
and S, is the expected normal level of all wine 
shipments. U;*, U,*, and U? are random dis- 
turbance terms. The trend variable, T, is in- 
cluded to account for trend effects of omitted 
variables, such as changes in processing and 


3 The index used is 
C = 0.40 W + 0.60 IBC, 


where W is an index of wages paid in the wine industry (U.S. 
Department of Commerce, Annual Survey of Manufacturers), and 
IBC is an index of wholesale prices for glass containers (U.S. 
Department of Labor, Wholesale Prices and Price Indexes, SIC 
1380). 
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storage capacity and quality changes not 
reflected in wine prices or inventories. Equa- 
tion (20) is an identity which equates ending 
inventory with beginning inventory plus pro- 
duction minus shipments. A proxy for the ex- 
pected real rate of interest was initially in- 
cluded but dropped because its effect was in- 
significant. 


Specification of the Expected Variables 


The industry behavioral equations in (17)-(19) 
contain a number of expected variables which 
must be related to observable magnitudes. 
Expected input prices are assumed to be a 
function of their current and lagged values. 
Expected wine prices and wine shipments are 
assumed to be a function only of their lagged 
values. Decisions are made prior to the 1 July 
crushing season. Input prices are generally 
known at that time but little information is 
available on competitors’ wine prices and in- 
dustry shipments for the current year. While 
wine prices at harvest time are a function only 
of predetermined variables, the average yearly 
price could be a function of shipments in year 
t, suggesting prices might be jointly deter- 
mined with wine demand. However, an analy- 
sis of monthly price changes indicated that the 
major changes oceurred at or shortly after 
harvest. Thus, this specification seems logical 
for the sample period. - 

The lag length for each expected variable 
was determined by a procedure proposed re- 
cently by Nerlove, Grether, and Carvalho 
(chap. 13). Specifically, each expected vari- 
able was assumed to follow a univariate 
autoregressive - integrated - moving - average 
(ARIMA) process. Each series was analyzed 
with time-series techniques to determine the 
appropriate lag. This approach is called 
‘‘quasi-rational expectations" because it is 
generally consistent with Muth’s rational ex- 
pectations hypothesis. 

The results of the time-series analysis 
(which can be obtained from the author) indi- 
cated that current year values may be substi- 
tuted for the input price expectations; one- 
year lagged values may be substituted for ex- 
pected wine prices and dessert wine ship- 
ments; and the lagged values for years t — 1 
and tf — 2 may be substituted for expected 
table wine shipments and all wine shipments. 
In general, this procedure will only indicate 
how many lagged values of the expected vari- 
ables should be included in the estimating 
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equation. This is because the expected vari- 
ables correspond to normal or long-run expec- 
tations, which may be viewed as weighted 
averages of future one-period expectations. In 
this particular application, however, the 
weights of the lag distributions sum to unity 
because each series modeled was of the type 
(4 "m OL)AZ, = €t, jel < 1, 
where L is the lag operator, A is the first-dif- 
ference operator, and e, is a random variable 
with a covariance-stationary process (Ner- 
love, Grether, Carvalho, p. 325). The sum of 
the distributed lag coefficients may be inter- 
preted as the marginal effect of the expected 
normal variable in the econometric equation 
being estimated. 


Data and Estimation Procedure 


The equations were fitted with annual crop 
year data for the period 1951—74. Quantity 
.data for table wine (which also includes 
natural wines less than 1226 alcohol) and des- 
sert wine (which also includes vermouth and 
natural wines over 1296 alcohol) are the 
amounts produced and shipped from Califor- 
nia into U.S. markets. Because other states' 
sales were a relatively constant and small pro- 
portion of all shipments over the sample pe- 
riod, they were not included. The sample pe- 
riod was not extended beyond 1974 because 
the table wine price series excludes white 
table wine, which has become a large propor- 
tion of all table wine since then. 

The grape demand equations were esti- 
mated in price dependent form. Grape 
supplies are virtually predetermined in the 
short run because production is constrained 
by past plantings, and grapes are a perennial 
crop. Although grape production is fixed for 
most varieties within a given season, some 
supply flexibility is possible with raisin grapes 
because these varieties may also be dried. 
Thus, demand for raisin grapes for crushing is 
assumed to be jointly determined with the 
supply and derived demand of grapes for dry- 
ing. All grape demand equations and raisin 
grape supply function (a system of five equa- 
tions) are considered interdependent in esti- 
mation because the error terms of the crush 
demand equations are assumed to be contem- 
poraneously correlated. They were, there- 
fore, estimated by three-stage least squares 
(3SLS).4* On the other hand, the wine produc- 


* The results for derived demand and supply of raisin grapes for 
drying are not reported, but can be obtained from the author. 
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tion and price equations are assumed to be 
recursive and were estimated by ordinary least 
squares (OLS). 


Discussion of the Results 


Estimates ofthe grape-crushing demand equa- 
tions are presented in table 1. Expected pa- 
rameter signs based on the theoretical spec- 
ification are indicated below the estimated 
standard errors. Overall, the results are satis- 
factory. The weighted R* of the system is 0.91, 
suggesting that the predetermined variables of 
the system explain much of the variation in the 
dependent variables. Also, the Durbin- Watson 
statistics of the equations estimated by OLS 
did not indicate any evidence of serial correla- 
tion. 

With the exception of the insignificant 
coefficient of lagged wine price in the wine 
grape demand equation, all estimates have the 
predicted signs. Negative own-price flexibili- 
ties are indicated for each of the three grape 
types (—1.46, — 0.14, and —1.62 for wine, ta- 
ble, and raisin grapes, respectively, at the 
sample means). In all three equations, ex- 
pected normal wine demand (as reflected in 
one-year lagged shipments) and beginning 
stocks have a strong effect on grape prices. 
This supports the view that factors which 
influence inventory investment also influence 
raw material purchases. The weak perfor- 
mance of lagged wine price may reflect that 
either measurement difficulties are present or 
that demand changes are captured mainly by 
lagged wine shipments. 

Estimates of the production equations for 
table and dessert wines are reported in table 
2.5 With the exception of the insignificant 
coefficient on lagged table wine price in the 
first equation, all estimates have the antici- 
pated signs. Changes in production rates are 
primarily accounted for by changes in grape 
prices, lagged wine shipments, and beginning 
inventories. The large estimated coefficient on 
lagged wine shipments in the table wine equa- 
tion indicates that aging is relatively important 
for this commodity. 

In the table wine price equation, table 3, all 
variables are significant and have correctly an- 


5 Because of high intercorrelation among the grape prices in the 
production and price equations, they were replaced by a price 
index with weights based on the relative importance of each input 


in total crushings (i.e., W, = X,/ 2, R,E). The weights are 0.85, 
0.39, and 0.96 for wine, table, and raisin grapes, respectively. 
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Sources and notes: See table 2. 


a Durbin-Watson statistic. 


? Durbin-H-statistic. No significant autocorrelation at 5% level. 
© Values in parentheses are estimated standard errors. 


4 Expected coefficient signs. 
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ticipated signs. Note that lagged wine ship- 
ments and beginning inventories have a strong 
influence on table wine price. The influence of 
these variables is often ignored in estimating 
price equations. Similar results have been ob- 
tained by Maccini (1978) for U.S. manufactur- 
ing in total and for sectoral data for several 
manufacturing groups. He also finds that ex- 
pected normal demand is an important deter- 
minant of price behavior. Note also that 
lagged table wine price plays a minor role. 
Most of the variation in price is explained by 
other variables in the equation. 

The results for dessert wine price are not as 
successful as those for table wine. Lagged 
wine shipments and beginning inventories are 
insignificant, with most of the variation ab- 
sorbed by the time trend and the lagged price. 


Conclusions 


This paper has developed a dynamic model of 
processor behavior and presented economet- 
ric results for the California wine industry. 
The theoretical specification and empirical re- 
sults emphasize interconnections between the 
shadow price of inventory and processor be- 
havior on raw material demand, production, 
and output price determination. Expected 
normal wine shipments and beginning inven- 
tories were found to have strong effects on 
grape demand and wine prices as well as wine 
production. Past studies frequently have ig- 
nored these factors or modeled them in an 
arbitrary way. The results also indicate that a 
distinction should be made between transitory 
and permanent demand and cost changes. The 
shadow price of inventory depends upon ex- 
pectations of all future demand and cost func- 
tions. With ‘‘quasi-rational expectations," 
demand and cost changes in previous periods 
matter. This suggests caution in using models 
derived from static theories to characterize 
processor behavior. 


[Received December 1979; revision accepted 
November 1981.] 
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Private Investment in Forest Management 
and the Long-Term Supply of Timber 


Darius M. Adams, Richard W. Haynes, George F. Dutrow, 
Richard L. Barber, and Joseph M. Vasievich 


Timber supply behavior of private forest owners is a major uncertainty in long-term 
forest product market projections. À model of private supply is developed that explains 
both harvest and forest management investment decisions. Comparison of two fifty-year 
projections, one assuming constant management intensity and a second using the 
harvest-investment model, indicates that projected levels of investment would (a) have 
little impact on markets prior to the year 2000, (b) stabilize real wood product prices 
after 2000, (c) eliminate softwood lumber imports by 2030, and (d) expand the dominant 


role of southern forest regions in wood product markets. 


Key words: forest management, timber supply, wood prices. 


Since the first national assessment of U.S. 
timber supply prospects more than a century 
ago (Hough), one of the principal uncertain- 
ties in projecting future harvest levels and in- 
ventories has been the supply behavior of pri- 
vate forest owners. Two aspects of private 
supply behavior are important: (a) the volume 
of timber private owners will harvest from 
existing inventories under various price and 
market conditions, and (b)the investments 
private landowners will make in forest man- 
agement (planting, thinning, and fertilization) 
that will influence the growth of inventory and 
future harvest levels. Some empirical work 
exists on the ''short-term'' harvest question, 
and there is a substantial body of theory about 
the ‘‘long-term’’ investment question. There 
has been little effort, however, to combine 
available empirical and theoretical structures 
in a comprehensive model of timber supply 
and forest management investment over time. 

This paper presents an integrated model of 
private timber supply that incorporates both 
harvest and investment behavior. The implica- 
tions of this supply model are explored by 
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combining it with a model of final product 
markets. The combined model was used for 
two fifty-year projections of U.S. timber 
prices, harvest, and consumption. In the first 
simulation, only the short-term harvest mech- 
anism is used. Investment and intensity of pri- 
vate management are assumed to remain con- 
stant at recent levels. The second simulation 
considered both short- and long-term aspects. 

Results suggest that investment behavior of 
private owners will have a major impact on 
anticipated long-term price and consumption 
behavior in forest products markets. With the 
investment levels projected by the model, 
simulated prices of forest products are 
stabilized by the first decade of the next cen- 
tury, while stumpage prices rise at first but 
then return to near current levels at the end of 
the simulation period. Ignoring investment, 
simulated prices continue to rise at rates at 
least as high as those observed in the past two 
decades. Results also confirm that intensified 
management will have little impact on product 
or stumpage markets in any region prior to the 
year 2000. Thus, public policies designed to 
augment timber supply in regions currently 
experiencing declining harvest must rely on 
expanded harvest from public lands rather 
than accelerated investment on private lands if 
they are to be effective in the short term. Fi- 
nally, investment behavior as depicted by the 
model will lead to further concentration of 
both timber and product output in the South. 
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Simulated production in the West increases, 
but the South's investment potential is so 
much greater that it will expand its dominant 
role in U.S. markets by the year 2030. 


Previous Studies 


Two distinct approaches have been employed 
in previous studies of private timber supply. 
The first uses mathematical programming to 
schedule short-term private harvests consis- 
tent with maximization of some objective 
(Berck, Rahm). Investment in intensive man- 
agement occurs at a prespecified rate external 
to the model. Typically, the rate has not de- 
pended on prices, costs, or other financial 
considerations. The second approach is to es- 
timate the relationship between current period 
harvest, stumpage price, and some proxy for 
the costs of holding timber inventory (McKil- 
lop, Robinson, and Adams). This approach 
concentrates on short-term supply response, 
ignoring intertemporal linkages of harvest de- 
cisions and long-term investment decisions. 


An Integrated Supply Model 


The integrated private supply model proposed 
here consists of three elements: 

(a) A set of short-term, regional stumpage 
supply or harvest relations which interact with 
stumpage demand relations to determine cur- 
rent harvest and stumpage price. There is one 
supply relation for each of two classes of pri- 
vate owners, industrial and nonindustrial, in 
each of eight U.S. supply regions. The stum- 
page supply relations depend on price and on 
timber inventories held by each owner group. 

(6) An inventory projection model that up- 
dates the inventory volumes used in the stum- 
page supply equations. At the start of each 
simulation period, inventory volume equals 
the lagged inventory plus growth, less natural 
mortality and harvest during the previous pe- 
riod. 

(c) A model that determines investment in 
forest management practices and adjusts the 
parameters of the inventory projection model. 
In general, higher rates of investment mean 
higher rates of forest growth and lower rates of 
natural mortality. The decision to invest de- 
pends on the prospective present net worth of 
‘each investment alternative and, hence, on an- 
ticipated physical yields, investment costs, 
and stumpage prices. 
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The private harvest-investment model is 
embedded in a larger model of U.S. forest 
products and stumpage markets developed by 
Adams and Haynes. The market model is spa- 
tially disaggregated, with six domestic con- 
suming regions and eight domestic supplying 
regions plus Canada. Each region has either 
demand or supply equations (as appropriate) 
for each final product. The regional supply 
equations for each final product, e.g., lumber 
or plywood, depend on the stumpage sector by 
means of a stumpage price (factor cost) term. 
Aggregate stumpage demand is derived from 
the supply processes for all products. The 
short-term stumpage supply relations from the 
harvest-investment model reflect the harvest 
response of private owners, while harvests 
from public lands (which are not price sensi- 
tive) enter as exogenous additions to total 
supply. Spatial equilibrium is computed in the 
final product sector by means of a reactive 
programming algorithm (King and Ho). Asso- 
ciated equilibria in the eight regional stumpage 
markets are found by equating aggregate 


` stumpage demand and total stumpage supply. 


Investment affects market activity and prices 
by augmenting growth, increasing inventories, 
and thereby shifting the short-term private 
stumpage supply equations to the right. Mar- 
ket activity and prices influence investment 
via the price expectation mechanism in the 
investment model. The following sections de- 
scribe the harvest-investment model in further 
detail. 


Short-Term Private Stumpage Supply 


Private stumpage supply equations were pat- 
terned after those developed by Adams and 
take one of two forms depending on region and 
owner group: 


A) Ape = @ + B Pra + Yirg’, or 
(2) hy? flr- = 8 + € Prats 


where h, is timber harvest in period t, region 
r, owner o; pra, stumpage price in period f, 
region r; I, 1°, timber inventory volume at the 
end of period t — 1 (start of period £), region r, 
owner o; and a, B, y, 9, € are parameters. 
Selection of either form (1) or (2) was based 
on goodness-of-fit and residuals characteris- 
tics for each region/owner group. In general, 
form (2) was adopted for industrial owners in 
the West, while form (1) was employed for 
nonindustrial owners in the West and all own- 
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ers in the East. One basic distinction between 
these groups is that western industrial owners 
generally hold large inventories of old-growth 
timber which fell in volume over the sample 
period (1950—76), while western nonindustrial 
and eastern owners held generally smaller in- 
ventories of young-growth timber that have 
been increasing in volume. 

Price and inventory elasticity estimates de- 
rived from equations (1) and (2) show consis- 
tent differences among regions and between 
owner groups. Comparing western and south- 
ern regions, price elasticities are generally 
higher in the South (.41 versus .17) while in- 
ventory elasticities are higher in the West 
(1.10 versus .57). Across all regions, price 
elasticities for industrial ownerships average 
67% greater than those for nonindustrial own- 
ers.! The West-South differences in price elas- 
ticities reflect markedly different land own- 
ership patterns in the two regions and the 
more active private stumpage markets in the 
South. In the West, timber ownership is heav- 
ily concentrated in industrial ownerships. The 
bulk of this timber flows from woods to mill 
without entering a stumpage market. Nonin- 
dustrial lands are a minor wood source and 
procurement efforts by processors are limited. 
In contrast, industrial lands are of minor im- 
portance in the South. The bulk of the timber 
consumed in this region is purchased through 
various marketing arrangements from nonin- 
dustrial owners. Causes of the differences in 
inventory elasticities are less clear. One con- 
jecture is that inventory-holding costs (taxes, 
protection, and annual operation) are higher in 
the West than in the South because western 
rotations are longer. Hence, a given inventory 
change leads to a greater cost change and sup- 
ply response in the West. 

Higher price elasticities for industrial own- 
ers, regardless of region, are consistent with 
variations in ownership objectives. Ownership 
studies and surveys of owner intentions sug- 
gest that nonindustrial owners often do not 
retain woodlands for reasons of profitability or 
as a source of income. In many western re- 
gions, nonindustrial harvest has actually fallen 
in some periods, while price and inventory 
have been increasing. In contrast, profitability 
and sensitivity to short-term movements are 
important to industrial owners. Thus, it is rea- 
sonable to observe greater price responsive- 
ness in industrial supply. 


! All elasticity differences are significant at the .05 level. 
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Inventory Projection Model 


The model of forest growth used to project 
timber inventories over time was derived from 
the TRAS system developed by Larson and 
Goforth. The inventory of each region/owner 
group is characterized by its distribution of 
number of trees per acre by diameter class. 
Over time, growth is simulated by the ad- 
vancement of trees from smaller to larger di- 
ameter classes depending on diameter growth, 
loss due to natural causes, and removals from 
each class with harvesting. Growth of trees 
into the smallest diameter class is estimated by 
an ‘‘ingrowth’’ rate. 

Investment in intensive management in- 
volves using some mix of intensive forestry 
treatments. A recent study by the Forest In- 
dustries Council provides the basic data on 
treatment alternatives, their financial and yield 
characteristics, and the acreage suitable for 
treatment in the timber-producing regions of 
the United States. Treatments were identified 
as those growth-augmentating practices cur- 
rently available for existing conditions on 
commercia] timberlands. They include plant- 
ing, thinning, fertilization, and species con- 
version (from hardwoods to softwoods). 

The investment model determines the 
treatment mix to be adopted in a given 
region/owner group and the number of acres 
to be treated over time. Using the Forest In- 
dustries Council data, it was then possible to 
compute the prospective increase in growth 
per acre on the treated acres beyond that from 
current management. By combining treated 
and untreated acres, an estimate of total in- 
crease in growth was then obtained. It was 
assumed that the growth per acre simulated by 
the inventory projection model with initial pa- 
rameters (initial diameter growth, mortality, 
and ingrowth rates) was an accurate estimate 
of the growth under continued current man- 
agement. The effects of management intensi- 
fication were then simulated by changing 
model parameters to yield a per acre growth 
rate equal to the sum of current growth plus an 
increment resulting from adoption of the 
specific treatment mix. 

The adoption of a particular treatment mix 
does not immediately increase forest growth 
by the full potential increment. Land is gradu- 
ally shifted into intensive management. Also, 
the growth impacts of any given treatment are 
realized gradually after its initiation: Thus, 
changing growth parameters in the inventory 
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projection model does not involve a one-time 
shift at the time of investment. Details of this 
calibration process are given in a paper by 
Barber. 


Long-Term Investment Model 


Private owners are assumed to be econom- 
ically rational in their investment activities. 
Forest management practices are adopted 
only if they promise to yield a positive present 
net worth, given expected stumpage prices, 
investment costs, yields, and owners' dis- 
count rates.” A real discount rate of 4% was 
assumed for all owners. Other owner objec- 
tives are ignored. However, constraints on the 
rate of investment imposed by limited avail- 
ability of capital are recognized. Private own- 
ers also are assumed to recognize the effects 
of current investment on future stumpage 
supplies and prices. That is, their price expec- 
tations are rational. 

The model works as follows. In each year of 
the projection period, private owners survey a 
list of potential investments, analyzing their 
present net worths. For each treatment with 
positive present net worth and for which 
some untreated acreage remains, a fraction of 
the untreated acreage (termed the ‘‘enrollment 
rate’’) receives that treatment. In this process, 
the treatment mix adopted over time can vary. 
For example, treatment i in a particular 
region/owner group may have a positive pres- 
ent net worth in year t, leading to some in- 
vestment. In year t + k, however, expected 
future prices may have changed or all treatable 
acres may have been previously enrolled so 
that treatment i may not appear in year t + K's 
investment mix. s LN 

Price expectations. As investment proceeds 
over time, forest growth gradually will in- 
crease and with it the inventory level. This will 
in turn shift the short-term private supply rela- 
tions, changing future harvests and stumpage 
prices. Owners are assumed to recognize this 
interrelation between current investment and 
future prices. The mechanism adopted for ad- 
justing price expectations was to replicate the 
entire projection process several times, using 
as expected prices in iteration k the prices 
projected in iteration k — 1. The process was 
stopped when the differences between prices 
. in succeeding iterations were less than a small, 


- ? All prices and costs are in real terms deflated by the all com- 
modity producer price index (1967 = 1.0). 
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fixed tolerance. For treatments with invest- 
ment lifetimes longer than fifty years or 
adopted so late that some or all of their returns 
occur after the end of the projection, expected 
prices were held at the level of the projection 
period's last year. 

Enrollment rate. Assuming economic gain 
to be the sole objective and ignoring any in- 
vestment constraints, all treatments with posi- 
tive present net worth would be undertaken 
immediately by private owners. However, the 
investment capital required for immediate im- 
plementation of all treatments in the Forest 
Industries Council study would be about $12 
billion at current prices, far exceeding the ca- 
pabilities of industrial and particularly nonin- 
dustrial owners. Investments likely would be 
made gradually over time as funds became 
avallable, with only some fraction of the treat- 
able acreage enrolled each year. Because 
there is little data on actual investment, it was 
assumed that if a treatment had a positive pres- 
ent net worth in a given year, the enrollment 
rate in that year would be A;/d, acres, where 
A, is the treatable acreage identified in the 
Forest Industries Council study, and d, is the 
investment lifetime of alternative treatment i 
expressed in years. 

Investment rates are commonly assumed to 
be directly proportional to profitability in 
natural resource development models. The 
A,/d, rule is partially consistent with such 
profitability rules. Within a given region/ 
owner group, the rule yields higher enrollment 
rates for investments with shorter durations 
(this approximates a ‘‘payback period” crite- 
rion). Within any given category of treat- 
ments, duration is inversely related to site 
quality, while profitability is positively re- 
lated. Thus, for a given treatment which may 
be practiced on a range of site qualities, the 
A,/d, rule leads to more rapid enrollment of 
high quality lands and hence of alternatives 
with higher present net worths. 

Across regions, the A,/d, rule yields higher 
enrollment rates in regions with shorter aver- 
age investment duration and larger treatable 
acreage. This involves potentially higher en- 
rollment rates in the South than in the West, 
because durations are longer and treatable 
acreage is smaller in the West. Historically, 
this is generally what has occurred. Over the 
past two decades, annual area planted or 
seeded in the South has averaged more than 
three times that on the Pacific Coast. In some 
specific years, it has been more than six times 
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larger. Per acre of commercial forest land, 
southern regeneration is 21% higher than in 
the West. Annual area given intermediate 
stand treatments (thinning) has averaged 
about 2.5 times larger in the South than in the 
West and in some years has been nearly six 
times larger (USDA Forest Service 1980, pp. 
462—6). 


Simulation Results 


Using the models described in the preceding 
sections, two contrasting projections were de- 
veloped for the U.S. forest products economy 
over the next five decades. In the first 
**baseline'' simulation, the product and stump- 
age markets were projected assuming that 
the intensity of management on private lands 
is held at current levels. Given historical 
trends toward increased intensity, the baseline 
simulation is a conservative view of potential 
timber supply. The second simulation, termed 
the intensive management projection, employs 
the private harvest-investment process and al- 
lows private management intensity to vary as 
determined by the model. ; 

In the intensive management simulation, 
land enrollment in intensive treatment pro- 
grams was substantial. Table 1 indicates the 
acreage-enrollment and number of treatments 
utilized for four critical southern and western 
regions. In the South, all available treatments 
are employed, and nearly 87% of the treatable 
acreage was enrolled (acreage treated/acreage 
treatable). Investments remain profitable in 
the South despite declining stumpage prices 
because of the high physical growth rates of 
southern forests. In the West, on the other 
hand, many treatments are noneconomic even 


Table 1. 
Region-Owner Groups 
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with real price growth. This is particularly true 
in the California region, where-only thirty of 
forty-five available treatments are employed. 
However, the extent of enrollment in the West 
(Douglas-fir and California regions) at 81% of 
treatable acreage is almost as large as in the 
South. 

The initial impact of management inten- 
sification is to increase the growth of the pri- 
vate forest inventory relative to the baseline. 
As growth expands, the inventory also in- 
creases. Figure 1 displays growth and inven- 
tory characteristics for three critical region/ 
owner groups, Douglas-fir industry, California 
industry, and southcentral other private. By 
2030, growth under intensive management is 
about twice baseline levels in the West and 
nearly three times baseline levels in the South. 
By 2010, increased management intensity has 
stemmed the long-term decline in industrial 
inventories in the Douglas-fir region and led to 
increases in inventories in the California in- 
dustry and southcentral other private groups. 

Larger private inventories shift the short- ` 
term private supply relations, depressing 
stumpage prices and expanding cut relative to 
baseline levels. Figure 2 shows stumpage price 
paths for the Douglas-fir, California, and 
southcentral regions. By 2030, prices in the 
Douglas-fir region have returned to approxi- 
mately their 1980 levels, while California 
prices are about $20 higher. The greatest price 
reductions occur in the southern regions be- 
cause of the large increases in growth and 
inventory. Table 2 gives harvest volumes by 
region and major owner group. Management 
intensification in the South leads to substan- 
tially larger and earlier relative growth, inven- 


tory, and harvest increments than in the West. 


Summary of Treatment Characteristics under Intensive Management for Selected 








2030 Growth 2030 Growth 
Increase from under Constant Total 
Number of Intensive Management Acreage Acreage Ownership 
Region/Owner Treatments Management Intensity Treated Treatable Acreage 
(utilized/ (CF/acre/ (CF/acre/ 
available) year) year) ------- (thousand acres) -~ -~ -~ -= 
Southeast industria! 11/114 33.1 38.9 5,841 7,707 15,870 
Nonindustrial 12/12 49.6 32.8 30,107 43,029 57,010 
Southcentral industrial 13/13 50.5 24.7 15,938 16,025 23,820 
Nonindustrial 13/13 61.5 20.9 45,752 46,029 58,330 
Douglas-fir industrial 10/12 50.8 67.8 2,049 2,644 7,380 
Nonindustrial 10/12 53.2 67.5 878 1,288 3,250 
California industrial 30/43 81.7 60.2 1,551 1,871 2,890 
Nonindustrial 30/43 69.8 64.5 3,063 3,488 4,220 
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Figure 1. Net growth and inventory from baseline and intensive management simulations for . 
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Figure 2.' Stumpage prices from baseline and 
intensive management simulations for selected 
regions «— 
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Lower stumpage prices yield lower produc- 


tion costs for all final products (nonwood costs 


were assumed to remain at their baseline 
levels) and alter regional patterns of compara- 
tive advantage in final product markets. The 
greatest shift in costs occurs in the southern 
regions which, as a result, realize the greatest 
gains in product output and in harvest. These 
effects are clearest for the softwood lumber 
market. As indicated in table 3, levels and 
trends in regional shares of U.S. new supply 
(domestic production plus imports) are not 
markedly altered from the baseline simulation 
prior to 2000. After 2000, modest gains in mar- 
ket share are realized in the Douglas-fir region, 
but the greatest expansion occurs in the 
South. Total U.S. new supply increases by 
about 6 billion board feet by 2030, accounting 
for some of the market share gains. Major 
gains also occur because of domestic substitu- 
tion for lumber imports from Canada. By 2030, 
the intensive management simulation indicates 
that Canadian lumber would no longer be 
competitive in U.S. markets. 
Nationally, intensified management leads to 
expanded domestic production of wood prod- 
ucts, lower prices, increased consumption, 


‘and reduced dependence on imports. Table 4 - 


summarizes these impacts for softwood 


- lumber and plywood. Prices of softwood 


lumber and plywood grow rapidly in both 
simulations from 1980 to 2000. Rates of price 
growth fall sharply after 2000, averaging 0.1% 
or less in the intensive management simula- 
tion. Domestic lumber production is 16.3 bil- 
lion board feet higher by 2030, while domestic 
consumption is up only 6.3 billion board feet. 
The 10.0 billion board foot difference is re- 
placement of Canadian lumber imports. 
Softwood plywood production and consump- 
tion rise by identical, modest amounts. l 


Conclusion 


The U.S. Forest Service has consistently iden- 
tified rising real forest products prices as a key 
forest policy issue (USDA Forest Service 
1965, 1973, 1980). Over the past several de- 
cades, real prices of lumber have risen steadily 
at an average rate of about 1.595 per year. 
Plywood prices have risen at least as fast since 
the early 1960s. Rising prices have led to ex- 
panded use of nonwood products, causing 
market losses for forest products producers. 
The Forest Service also-has argued that sub- 
stitution may entail additional environmental 
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Table 2. "Total and Private Timber Harvest from Baseline and Intensive Management Simula- 














tions 
1990 2000 2030 
Region/Simulation Total Private Total Private Total Private 
------22--------2----2--- (million cubic feet) --~-------~----------- 
Douglas-fir Baseline 2,468 1,442 2,230 1,154 2,140 997 
Intensive 2,462 1,436 2,247 1,171 2,283 1,139 
California Baseline 905 553 875 518 932 554 
Intensive 903 551 890 533 1,023 645 
Rockies? Baseline 1,626 652 LZA 646 2,166 719 
Intensive 1,623 649 1,694 633 1,315 1,044 
North Baseline 890 715 1,011 799 1,322 1,051 
Intensive 890 715 1,010 798 1,315 1,044 
South Baseline 5,687 5,344 6,238 5,854 7,515 7,007 
Intensive 5,730 5,387 6,462 6,078 9,649 9,168 
Total U.S. Baseline 11,576 8,706 12,065 8,971 14,075 10,328 
Intensive 11,608 8,738 12,303 9,213 16,115 12,608 





* [ncludes eastern Oregon and Washington and Rocky Mountain states. 


and social burdens because many nonwood 
products are derived from nonrenewable re- 
Sources, are more energy-intensive in produc- 
tion, and generate greater pollution in both 
manufacture and consumption (USDA Forest 
Service 1980). 

Results of the intensive management simu- 
lation suggest that there is sufficient potential 
for expanding timber growth across the sev- 
eral forest regions of the United States to 
stabilize wood product prices by the year 
2000. Under the assumptions of the harvest- 
investment model, these results are obtained 
through the actions of private, profit-seeking 
investors. Alternatively, the results may be 
viewed as indicating the extent of management 
intensification that would have to be stimu- 
lated by some combination of private profit- 
seeking and public incentive, assistance, 
and/or regulatory programs if achievement of 
stable wood products prices in the next cen- 
tury were an objective of public policy. 

The future of various forest regions would 
be significantly altered by the widespread 
adoption of intensive management practices. 
In the baseline simulation, the eastern and 
Rocky Mountain regions appear to have major 
opportunities for harvest and product output 
expansion, while the Douglas-fir and Califor- 
nia regions do not. Both of the latter are near- 
ing the end of liquidation of old-growth timber 
stocks on private lands. They face problems of 
transition to young-growth. Declining harvest 
wil cause employment and income losses. 
These will be major shocks to some local 
economies. Understandably, there is intense 
interest in public policy measures to modify or 
eliminate these economic problems. 


A commonly suggested policy is to sub- 
sidize, encourage, or regulate intensified man- 
agement. Results of this simulation do indicate 
that the declining trends in inventory (fig. 1) 
and harvest (table 2) may be stabilized or even 
reversed by increased investment in the 
Douglas-fir and California regions. In neither 
area, however, can any major impact be ex- 
pected prior to the year 2000. Although some 
short-duration treatment opportunities (such 
as commercial thinning) do exist, the bulk of 
available investments produce results only 
after forty or more years. Thus, investment 
appears to solve long-term problems, but 
some means must be found to bridge the gap 
between current (declining) and future (stable 
to rising) harvests after 2000. The most likely 
sources of additional short-term supply in the 


Table 3. Shares of Total U.S. New Supply of 
Softwood Lumber by Region from Baseline and 
Intensive Management Simulations 


Percentage of Total U.S. 
New-Supply of Softwood 








Lumber 
Region/Simulation 1990 2000 2030 
Douglas-fir Baseline 12.6 9.5 15.2 
Intensive 12.3 9.9 15.6 
California Baseline 12.6 12.7 14.3 
Intensive 12.6 12.7 13.7 
Rockies Baseline 18.9 20.4 27.4 
Intensive 18.9 19.7 19.1 
North Baseline 2.9 2.2 3.9 
Intensive 2.9 2.2 3.4 
South Baseline 24.2 22.4 16.3 
Intensive 24.9 26.1 48.2 
Canada Baseline 28.7 31.8 23.0 
Intensive 28.2 28.5 0 
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Table 4. Prices, Consumption, and Production of Softwood Lumber and Plywood from the 


Baseline and Intensive Management Simulations 





1990 2000 2030 

Producer price index Baseline 200.0 225.2 296.2. 
softwood lumber Intensive 195.8 217.5 225.6 
(1967 — 100.0) 

Producer price index Baseline 193.7 200.7 231.3 
softwood plywood Intensive 192.7 196.2 198.4 
(1967 — 100.0) 

U.S. consumption Baseline 42.6 41.7 42.4 
softwood lumber Intensive 42.6 42.5 48.7 
(billion bd. ft.) 

U.S. consumption Baseline 21.8 22.0 22.1 
softwood plywood Intensive 21.9 22.3 24.8 
(billion sq. ft.) MM 

U.S. production Baseline 31 29.4 33.6 
softwood lumber Intensive 31.4 49.9 
(billion bd. ft.) 

U.S. production Baseline 22.7 22.8 22.7 
softwood plywood Intensive 22.8 23.1 25.4 
(billion sq. ft.) 

U.S. lumber imports Baseline 12.7 13.7 10.9 
from Canada Intensive 12.4 12.5 0.0 


(billion bd. ft.) 





two regions are national forest lands, through 
so-called ''departures" from current nonde- 
clining, even-flow harvest policies. Departures 
allow a- temporary increase in national forest 
harvest without jeopardizing the forest's abil- 
ity to sustain their base even-flow harvest 
level. While departures may be technically 
feasible, they have been the focus of consider- 
able controversy among industrial and envi- 
ronmental groups. 

Another consequence of management inten- 
sification is to shift more productive capacity 
to the South. In 1950, the South produced no 
softwood plywood and about 4696 of total 
U.S. woodpulp. By 1980 the South produced 
roughly 38% of U.S. softwood plywood and 
60% of U.S. woodpulp. Southern expansion 
has been possible primarily because of lower 
labor and stumpage costs and, because of its 
proximity to major markets, lower transporta- 
tion costs. The baseline simulation projects a 
continuation of past trends with the South’s 
share of total softwood harvest rising from 
roughly 45% in 1980 to 53% by 2030. How- 
ever, the investment trends depicted in the 
simulation accelerate production concentra- 

- tion in the South, leading to a 60% share of 
softwood harvest by 2030. 

This result is a direct consequence of the 
many potentially treatable acres in the South 
and of the specific enrollment rule employed in 
the simulation. From the Forest Industries 


Council study, only the South and the 
Douglas-fir and California regions have sig- 
nificant opportunities for increasing growth 
through intensive management. The South has 
roughly nine times the commercial forest 
acreage of the Douglas-fir and California re- 
gions combined but nearly twelve times the 
treatable area. Thus, even by halving or quar- 
tering the South's enrollment rate and acreage 
treated, the region would continue to expand 
output relative to the West. 

Recently, some forestry interest groups 
have advocated the adoption of a national pol- 
icy seeking a net surplus in U.S. international 
forest products trade. Intensification of forest 
management at the levels discussed in this 
paper appears to offer the only means of 
achieving this ambitious goal. In the baseline 
simulation, the United States is a net importer 
throughout the projection period. By 2030 net 
imports are 2.3 billion cubic feet. Intensive 
management increases total U.S. supply in 
2030 by 2.1 billion cubic feet, reducing lumber 
imports by 1.7 billion cubic feet. The remain- 
ing supply increment expands U.S. domestic 
lumber and plywood markets and reduces 
domestic prices. International trade other than 
lumber imports was held constant in both the 
baseline and intensive simulations. However, 
lower U.S. product prices would improve the 
competitive position of U.S. producers relative 
to world producers, leading to improvements in 
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the net trade position beyond that shown in the 
simulations. 


[Received September 1980; revision accepted 
September 1981.] 
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ERRATA . 


Editor's Note: The editors apologize for and 
wish to correct two errors that were discov- 
ered in the February 1982 Journal article, 
‘Farm Real Estate Price Components, 1920— 
78," by Emery N. Castle and Irving Hoch. 
Both errors occur on page 15, in table 2. The 
title of the table should appear as follows: 


Table 2. Predicted and Actual Prices, Selected 
Years (in Constant Dollars, 1967 — 100) 


The second error occurs in the third column 
heading: V;, should read V*,,. 


Notes 


The Countercyclical Aspects of the 
U.S. Meat Import Act of 1979 


James R. Simpson 


The U.S. Meat Import Act of 1979, the so-called 
""countercyclical'" meat import bill, was signed into 
law on the last day of that year by President Carter. 
This law, which reflects a desire to help stabilize the 
fluctuations that have taken place in cattle inven- 
tory numbers and prices, has received wide atten- 
tion by the U.S. livestock industry and countries 
exporting to the United States (Reeves 1979, U.S. 
Congress). There is evidence that the United States 
is a price maker at the international level as a result 
of being the world's largest beef importer, pro- 
ducer, and consumer (Simpson). Consequently, a 
major change in the U.S. meat import law can be 
expected to have a tangible influence on interna- 
tional trade in beef and the policies set by both beef 
exporting and importing countries as well as on the 
U.S. cattle industry. 

The purpose of this note is to analyze some po- 
tential effects of the new U.S. meat import law 
under two radically different assumptions about 
change in cattle inventory to determine if the act 
really is ''countercyclical," i.e., resulting in a 
higher import quota when U.S. beef production is 
declining and vice versa, in a lower quota level 


Average 
Annual _ annual 
quota ` imports 
(1968-77) 


when U.S. production is increasing.! It is not in- 
tended as a comparison with the 1964 law, which 
has been evaluated in the documents prepared by 
the U.S. Congress. It goes beyond the work of 
Weeks, whose concern was evaluating the two laws 
under two different production situations. It also 
builds on the work of Reeves (1980), Nelson et al., 
and Conable, who clarify and examine various as- 
pects of the new law. Apart from analyzing the 
law's potential effect on the domestic beef cattle 


James R. Simpson is an associate professor of livestock marketing 
at the University of Florida. 

Special thanks are due several anonymous reviewers who com- 
mented on this note. 

t A detailed paper with a complete explanation of the method 
and assumptions, along with ali data series, is available from the 
author. 


3-yr. moving average 
of domestic production 
10-yr. average of 
domestic production 
(1968-77) 


industry, these results contain implications for fur- 
ther refinements in such stabilizing schemes. 


The Meat Import Act of 1979 


The new law was designed to permit greater meat 
imports when domestic supplies are low and con- 
sumer prices high, thus supposedly moderating the 
rise in beef prices. On the other hand, it is supposed 
to reduce meat imports when domestic supplies are 
abundant and consumer prices low, thus moderat- 
ing the decline in prices for producers. The law 
covers fresh, chilled, or frozen beef, veal, goat, and 
sheep meat. Lamb and pork are excluded as are 
cooked, preserved, and prepared meats and ‘thigh 
quality’’ beef processed into fancy cuts. However, 
noncooked portion control and prepared meats are 
included. A major change from the 1964 law is 
subtracting live cattle imports (other than breeding 
stock) from the domestic production of quota 
meats. 

The new formula for determining the annual im- 
port quota as presented in the law is as follows: 


5-yr. moving average 

of domestic cow beef 
production 

2-yr. moving average ` 

of domestic cow beef 
production. 


The average annual imports of meat subject to 
quota for 1968-77 (the base) was officially set at 
1,204.6 million pounds on a product weight basis. A 
floor of 1,250.0 million pounds is included. 

The ten-year average of domestic production of 
quota meats for 1968—77 is 23,184.0 million pounds 
(carcass weight basis). From this the total carcass 
weight equivalents of live imports for 1968—77 (220 
million Ibs.) is subtracted. The moving average of 
domestic production of quota meats (1978-80) is 
22,500.0 million pounds, from which the average 
total carcass weight of live cattle imports must be 
subtracted. The five-year moving average of 
domestic cow beef production, actually calculated 
on a per capita basis, is 17.4 pounds, while the 
two-year moving average (1979—80) is 13.4 pounds 
(the formula's cow beef component provides the 
countercyclical behavior of the formula). The re- 
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sult is that the formula for the 1980 quota, in mil- 
lions of pounds is 


17.4 


22,500 — 243 m" 
13.4’ 


AOs, = 1,204.6 x 22:500 — 243 
Oso = 1,204.6 X 33184 220 


which means 
AQ = 1,204.6 x 0.9692 x 1.2985, 


from which AQ = 1,515.9966 or 1,516 million 
pounds. Thus, the trigger level = 1,515.9966 x 1.1 
= 1,667.5962 or 1,668 million pounds. 

A "'positive" quotient (greater than one) in the 
second term of the formula relating to cow beef 
supply means that imports can increase from the 
previous year’s level. Section (h) stipulates that the 
president may suspend the quota by giving thirty 
days’ notice (if certain conditions are met) when 
the quotient is positive, but the president may not 
increase the quota when the quotient is "negative" 


Table 1. 
Inventory Scenarios, 1981-90 
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(less than one) except under quite stringent circum- 
stances. 


Projected Effect of the 1979 Law - 


The projections presented in the House Ways and 
Means Committee document (U.S. Congress) 
showing the relation between imports under the 
1964 and 1979 import laws are interesting but of 
limited use in assessing the new law’s value. It is 
not possible to reconstruct production levels from 
them. Furthermore, only one situation is presented. 
This precludes evaluation under various cattle in- 
ventory growth patterns. As a consequence, two 
radically different, yet possible, national herd 
growth scenarios are evaluated in this paper. The 
first one simulates a situation in which future cattle 
inventory behaves in a fashion similar to the last 
cycle—a peak of 132 million head in 1986 declining 
to 111 million head in 1990. The second scenario 


U.S. Beef and Veal Production, and Cattle Inventory, 1959-80, with Two Cattle 





Commercial 
Beef and Veal 
Year Production* 
— (Mill. lbs.) - 
1959 14,162 
60 15,399 
61 15,890 
62 15,867 
63 16,896 
64 18,965 
65 19,261 
66 20,355 
67 20,740 
68 21,358 
69 21,600 
70 22,030 
71 22,213 
72 22,647 
73 21,413 
74 23,286 
75 24,500 
76 26,480 
77 25,780 
78 24,610 
79 21,553 
80 21,245 
81 
82 
83 
84 
85 
86 
87 
88 
89 
1990 





* Source: Livestock and Meat Statistics and ESS/USDA estimates. 


Inventory, All Cattle 








Projection 
Similar to Slow 

Historical* Previous Cycle ' Increase 

---------22----- (1,000 head) --.—------------ 
93,322 
96,236 
97,700 
100,369 
104,488 
107,903 
109,000 
108,862 
108,783 
109,371 
110,015 
112,369 
114,578 
117,862 
121,539 
127,788 
132,028 
127,980 
122,810 
116,375 
110,864 
110,961 

112,000 112,000 

115,000 114,000 

118,000 116,000 

122,000 118,000 

128,000 120,000 

132,000 122,000 

128,000 124,000 

123,000 126,000 

116,000 127,000 

111,000 128,000 





Simpson 


Countercyclical Aspects of U.S. Meat Imports 245 


Table 2. Projections of U.S. Beef and Veal Production, 1980—90 





3-Year Moving Average of 
Domestic Beef and Veal 











Total Commercial Production Production* 
Similar to Similar to 

Previous Siow Previous Slow 
Year Cycle Growth Cycle Growth 
wee een ne MMM M MMMM (Mill. Ibs.) ------------------------- 

1980 21,245 21,245 22,500 22,500 
81 22,400 22,960 21,733 22,919 
82 23,690 24,168 22,445 22,791 
83 24,957 25,056 23,682 24,061 
84 26,291 25,960 24,979 25,061 
85 28,032 26,880 26,427 25,965 
86 29,304 27,694 27,876 26,845 
87 28,672 28,520 28,669 27,698 
88 27,798 29,232 28,591 28,482 
89 24,244 29,718 26,905 29,319 
1990 22,977 30,080 25,006 29,677 





* Only includes beef and veal because they make up 99.996 of quota meats. 


simulates a slow increase in inventory all the way 
through the 1980s, with no cyclical turndown in the 
decade ahead. The actual situation likely will fall 
somewhere between these two extremes. The ob- 
jective, however, is to test the extent to which the 


import quota would change under radically differ- . 


ent situations, not to predict what actually will hap- 
pen. 


Production Projections 


The first step in determining the U.S. annual meat 
import quota for 1981-90 is projecting total beef and 
veal production for those years. Because beef and 
veal make up about 99.85% of all meat falling under 
the meat quota, they are considered to be the only 
quota products for this analysis. The relation be- 
tween the inventory of all cattle and total produc- 
tion for 1959-80 is provided in table 1. Production 


closely parallels inventory, with the production 
peak lagging inventory by about one year. 

Total production (measured by commercial pro- 
duction) was divided by inventory to arrive at pro- 
duction per head of inventory, a value which is 
growing at an apparent annual rate of about 0.8%. 
This growth is a crude approximation of technolog- 
ical change (including management) and heavier 
carcass weights. Projections of beef productivity 
per head of inventory were made for the two alter- 
natives on the basis of past experience. For exam- 
ple, projections from previous cycle behavior show 
production increasing until 1988 and declining rap- 
idly as herd inventory reaches the bottom of the 
cycle. The slow-growth assumption portrays pro- 
ductivity continuously above the other alternative, 
and growing at an uninterrupted rate, at least to 
1990. 

The projections of beef and veal productivity per 


Table 3. Projections of Cow Beef Production and Cow Beef Production per Capita, 1980—90 





Inventory Same As 
Previous Cycle 


Slow Growth in Inventory 











5-Year 2-Year 5-Year 2-Year 

Total Production Moving Moving Total Production Moving Moving 

Year Production per Capita Average Average Production per Capita Average Average 
(Mill. Ibs.) | --------- {Ibs.) -------- (Mill. Ibs.) | --------- (Ibs.) -------- 
1980 3,328.8 15.0 18.6 15.1 3,328.8 15.0 18.6 15.1 
81 3,360.0 15.0 17.2 15.0 3,416.0 15.2 18.6 15.1 
82 3,450.0 15.2 16.3 15.1 3,534.0 15.6 16.4 15.4 
83 3,540.0 15.5 15.2 15.3 3,712.0 16.2 15.4 15.9 
84 3,660.0 15.9 15.3 15.7 3,894.0 16.9 15.8 16.6 
85 3,840.0 16.5 15.6 16.3 4,140.0 17.8 16.3 17.4 
86 5,280.0 22.5 17.1 19.5 4,392.0 18.7 17.0 18.3 
87 5,120.0 21.6 18.4 22.1 4,650.0 19.6 17.8 19.2 
88 4,920.0 20.5 19.4 21.1 4,914.0 20.5 18.7 20.2 
89 4,640.0 19.2 20.1 19.9 5,207.0 21.5 19.6 21.0 
1990 3,330.0 13.7 19.5 16.5 5,440.0 22.3 20.5 21.9 
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Cow beef production (Billion Ibs.) 


1958 60 62 64 66 68 70 72 


Figure 1. 
production projections to 1990 š 


head were multiplied by inventory projections to 
arrive at projections of total production (table 2). 
Under the past cycle assumption, production peaks 
at 29.3 billion pounds in 1986. Under the slow- 
growth assumption it continues to climb, reaching a 
maximum of 30 billion pounds in 1990. The three- 
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Production 


(Peeu 000L) ep3 je jo Aozuaau] 


74 76 78 80 82 84 $85 88 1990 


Year 


U.S. cow beef production compared with all cattle inventory, 1959-80, with cow beef 


year moving averages used in quota calculations are 
also given in table 2. 

The second part of the annual quota formula re- 
quires projections of cow beef production. Total 
production of cow beef, just like all beef, was di- 
vided by total cattle inventory to arrive at cow beef 


Table 4. Projections of U.S. Meat Import Trigger Level, 1980—90, under Two Assumptions 











Base Quota Trigger Level 
Inventory Inventory Congressional 
Growth Similar Slow Growth Growth Similar Slow Growth Projections 
to Previous in Cattle to Previous in Cattle of Trigger 
Year Cattle Cycle Inventory Cattle Cycle Inventory Level? 
ae nnn ee (Mill. Ibs.) ------~-~--------~---~~---~--- 
1980 1,516.0 1.516.0 1,668.0 1,668.0 1,687.4 
81 1,300.9 1,496.6 1,431.1 1,616.6 1,507.4 
82 1,349.2 1,264.8 1,484.1 1,391.3 1,388.8 
83 1,216.7 1,288.9 1,338.3 1,417.8 1,333.4 
84 1,264.8 1,240.7 1,391.3 1,364.8 1,305.7 
85 1,313.0 1,264.8 1,444.3 1,391.3 1,290.2 
86 1,276.9 1,301.0 1,404.6 1,431.1 1,246.6 
87 1,252.8 1,349.2 1,378.1 1,484.1 1,240.5 
88 1,373.2 1,373.2 1,510.6 1,510.6 1,439.8 
89 1,409.4 1,421.4 1,550.3 1,563.6 1,714.2 
1990 1,529.8 1,457.6 1,682.8 1,603.3 — 
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Trigger level (Million Ibs.) 


1,800 
N, 
1,600 ` 
\ Slow growth in 
\ inven 
\ iit 
Trigger — —— f 
1,400 level, EN 
historical Similar to 
1,200 
1,000 
1964 66 68 70 72 74 76 78 80 82 84 86 88 1990 
Year 


Figure 2. Trigger level on U.S. meat imports, 


production per head of inventory. The historical 
data show a clear upward trend caused largely by a 
decline in dairy cow numbers. 

Production of cow beef per head of all cattle 
inventory probably will continue to increase during 
the 1980s but at a slower rate than during the past 
twenty-five years. Two cow beef production 
scenarios were developed. In the first, production 
of cow beef per head of inventory follows a pattern 
similar to that in the last cattle cycle, with the 
highest level (1986-89) at the same output (about 40 
pounds of cow beef per head of cattle inventory) as 
in 1978. This projection corresponds to the all-cattle 
inventory projection based on the past cycle. The 
second projection involves a slow, steady inventory 
growth. As a result, production of cow beef per 
head of inventory increases continuously during the 
entire period. Multiplying cattle inventory by pro- 
duction per head yields the total cow beef produc- 
tions given in table 3 and graphed in figure 1. 


Calculations of Annual Quotas, 1981-90 
The projections of total beef production shown in 


table 2 are translated into three-year moving aver- 
ages in that table for both the previous cycle and 
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1965-80, with projections to 1990 


slow-growth assumptions. This data is used in the 
numerator of the first term in the quota formula. In 
all cases, it was assumed that the imports of live 
cattle are equivalent to a carcass weight equivalent 
of 160 million pounds. 

Projections of cow beef production per head of 
cattle inventory were multiplied by projections of 
all cattle inventory to arrive at projections of total 
cow beef production under each of the two assump- 
tions. The quota formula requires that cow beef 
production be calculated on a per capita basis, so 
each of the production projections was divided by 
projections of U.S. population to arrive at produc- 
tion per capita of inventory (table 3). Then five-year 
and two-year moving averages were calculated as 
required in the second term of the formula. 


Results 


The final results are given in table 4. The trigger 
level (11096 of the base quota) is considered to be 
the relevant figure since imports generally have 
been much closer to it than to the base quota. If the 
cattle inventory growth follows a pattern similar to 
that in the previous cycle, the trigger level will 
follow a rather erratic course, with a low point in 
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1983 (1.33 billion pounds) and a high occuring in 
1990 (1.68 billion pounds). The trigger level under 
the slow inventory growth assumption follows a 
similar pattern, with lows in the mid-1980s, but 
reaching a peak of 1.60 billion pounds in 1990 
(figure 2). This is because the countercyclical com- 
ponent is relatively insensitive to radical changes in 
assumptions about herd growth because of the for- 
mula's rather long periods of weighted averages— 
ten years in the denominator of the domestic pro- 
duction part and five years in the cow beef supply 
numerator portion. 
The 1979. law was promulgated through recogni- 
tion that its predecessor, the 1964 law, allowed 
imports to increase when domestic production in- 
creased, thus exacerbating supply problems. The 
primary intent in the new law was for the import 
quota and domestic production to be negatively 
correlated. In this study a plausible production 
situation is presented which demonstrates that con- 
trary to the law’s intent, the import quota can be 
positively rather than negatively correlated if herd 
growth takes place in a manner different from his- 
torical conditions. In effect, the formula provides 
very little systematic countercyclical quota adjust- 
ment for a cycle similar to the last one compared to 
no cycle at all. As a check against the results of the 
two scenarios, the projections presented in the 
House of Representatives report 96-238 (U.S. Con- 
gress, pp. 8-9) are also given in table 4. These 
projections follow a similar pattern to those pre- 
sented in this study, but tend to drop to a lower 
level (1,240.5 million pounds in 1987) and peak out 
much higher (1,714.2 million pounds in 1989). 


Summary 


The major conclusion which can be drawn from this 
study is that while the so-called U.S. countercycli- 
cal meat import bill operates as intended when 
domestic cattle inventory and production follow a 
pattern similar to the last cycle, it does not operate 
in the intended fashion when growth is slower but 
continuous after 1985. In this case, the 1979 bill 
Operates much the same as the 1964 bill, in which 
imports and production are positively correlated. 
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The apparent similarity of trigger levels under the 
two radically different projections is an indication 
that, despite beliefs to the contrary, the 1979 bill 
cannot be considered particularly beneficial or 
harmful to either the United States or exporting 
nations. Indeed, it is another example of legislation 
which was enacted as the result of a felt need but 
which may operate in a way entirely different from 
that envisioned by its proponents. 


[Received February 1981; revision accepted 
October 1981.] 
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Demand Elasticities for Soybean Meal 
in the European Community 


Hendrik C. Knipscheer, Lowell D. Hill, 


Several econometric models have been constructed 
to describe the demand for soybeans and soybean 
products (Houck and Mann; Houck, Ryan, and 
Subotnik; Ryan and Houck 1976a, b; Matthews; 
Vandenborre 1967, 1970; Jones and Morrison). In 
most of these studies, the demand for soybeans and 
Soybean products in the European Community 
(EC) has been included as part of the aggregate 
world demand for U.S. soybean exports. 

Such models provide only limited insight into the 
effects of policies in subsectors of the world, and 
their predictive ability is restricted by the underly- 
ing assumption of similar demand and supply condi- 
tions over geographical regions. Recently, Bredahl, 
Meyers, and Collins have emphasized the need to 
disaggregate U.S. export demand into separate 
geographical markets in order to account for the 
influence of countries whose internal prices are in- 
sulated from world markets. 

The Common Agricultural Policy (CAP) of the 
EC has resulted in demand and supply conditions 
that differ from those in many other importing 
countries. Disaggregation of world demand to ac- 
commodate separate treatment of EC demand and 
supply relationships can be justified on the basis of 
market share and the unique relationships gener- 
ated by the CAP. The EC is the largest importer of 
soybeans and soybean meal. Thus, the effects of 
EC policy changes on the export demand for U.S. 
soybeans are important. During the period 1971—76, 
over 2596 of the U.S. soybean production (in soy- 
bean meal equivalents) entered the EC market. The 
U.S. share in total EC imports was over 8096, 
Brazilian exports being the only relevant alternative 
for EC buyers. 

The purpose of this paper is to present a model 
that describes the demand relationships in the EC 
So the impact of EC agricultural policies can be 
estimated. It is confined to the demand for soybean 
meal in whatever form it first appears in the EC 
market, as either soybean meal or whole soybeans. 


Hendrik Knipscheer, previously a research assistant in the De- 
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Method of Analysis 


In analyzing the soybean market, most observers 
follow the three-market approach outlined by 
Houck and Mann, who distinguish markets for soy- 
beans, soybean oil, and soybean meal. The core of 
their analysis is a multi-equation model of the entire 
soybean sector. Matthews uses essentially the same 
model to generate forecasts for the U.S. soybean 
economy. 

Vandenborre's model is also characterized by a 
system of equations. However, he departs from the 
three-market approach, observing that ‘‘there is no 
final demand for beans” (Vandenborre 1967, p. 16). 
He specifies only two export markets: one for oil, 
shipped in whatever form, and one for meal in 
whatever form. This study follows the latter ap- 
proach. By limiting the scope of the study, the 
econometric model is reduced to a single multiple- 
regression equation to represent the EC soybean 
meal market. 


The Economic Model 


The five goals of the Common Agricultural Policy 
(CAP) are stated in the Treaty of Rome: (a) to 
increase agricultural productivity, (b) to ensure a 
fair standard of living for the agricultural popula- 
tion, (c) to stabilize markets, (d) to assure supplies 
to consumers, and (e) to maintain a reasonable 
price level. The executive branch of the EC, the 
commission, pursues these objectives by enforcing 
a set of market price regulations. As a result, prices 
within the Common Market differ greatly from the 
world prices, in absolute values as well as relative 
values. This has had a large impact on the consump- 
tion of meat, the composition of the livestock sec- 
tor, and the use of soybean meal. The divergence 
between world and domestic prices in the EC re- 
quires an economic model disaggregated from 
world supply and demand relationships. 

The following demand model, using semiannual 
data, was developed to capture the effects of the 
CAP in conjunction with other components affecting 
the level of demand: 


QDSM = f(PSM/PECC, ECPL, APFU, 
. APS, and T), 


where QDSM is the quantity of soybean meal de- 
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manded, PSM is the price of soybean meal, PECC 
is the EC price of cereals, ECPL is the EC profit- 
ability index for the livestock sector, APFU is the 
animal protein feed units, APS is the availability of 
protein substitutes, and T is a time trend. 

This model exhibits several special features. The 

price variable used in the model is the ratio of 
soybean meal prices to corn prices. Corn price is 
assumed to capture the variation of all grain prices 
because the ‘‘silo-cathedral’’ system of the CAP 
fixes all cereal prices in an essentially constant rela- 
tionship. The importance of this price ratio has 
been discussed in previous studies (Houck, Ryan, 
Subotnik; Womack; Beyer). The profitability index 
is composed’ of a weighted ratio of meat price to 
feedcost. It reflects the effect of the EC meat prices 
'on the demand for soybean meal. This demand shift- 
er was not included in soybean meal demand equa- 
tions in previous studies, presumably because of 
the difficulty of collectirig the detailed data required 
for the composition of such an index. To facilitate 
the derivation of the price elasticity for soybean 
meal, the inverse of the profitability index is used in 
estimating the regression coefficients. 
` Animal protein feed units are used to measure 
livestock numbers. Most economists have included 
livestock numbers in models of soybeans and soy- 
bean products, but none are very explicit about 
construction of this variable. Houck and Mann used 
the intake of protein concentrates per livestock sec- 
tor às weights for their livestock number index 
without further explanation or reference. Vanden- 
borre followed the same method, using Land- 
mann's figures for intake of protein concentrates 
per livestock unit in the dairy and swine sectors. 
Apparently, he omitted poultry. These can be 
characterized as behavioral approaches because 
they are based on feed ratios actually used by farm- 
ers in the past. While this is acceptable forecasting, 
it reduces the explanatory value of the behavioral 
equation because the farmer's selection of livestock 
rations is largely explained by his own past feeding 
practices. Ryan and Houck (1976a) took a more 
empirical approach, entering swine and poultry 
numbers as separate variables and disregarding 
other livestock. f 

. Both the behavioral and empirical approaches 
have disadvantages which can be partially over- 
come by the use of animal protein feed units as a 
measure of livestock demand. Consumption of pro- 
tein is derived by weighting the output of each 
sector (milk, meat, and eggs) by specific livestock 
protein requirements formulated by National Re- 
search Council nutritionists. The conversion fac- 
tors were .420 for poultry meat, .456 for pig meat, 
.440 for eggs, and .078 for milk. Beef is considered a 
by-product of the dairy sector and was not 
explicitly included in the APFU. Only milk produc- 
tion in excess of 2,800 kilograms per cow is con- 
verted into animal protein feed units. This approach 
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is technical, based on intake requirements, and em- 
pirical because it uses output levels. It might mis- 
calculate protein requirements during herd size ad- 
justment periods. However, such adjustments 
should be reflected in the profitability index. 

Protein substitutes (1,000 metric tons [MT] pro- 
tein equivalents) are limited to the protein concen- 
trates available in the EC market, mainly other 
oilseed meals and cakes of fishmeal, animal meal, 
and skimmed milk powder. The inclusion of 
skimmed milk powder in this variable allows one to 
trace the effect of the skimmed milk powder surplus 
on demand for soybean meal. Converting protein 
substitutes into protein equivalents was done on the 
basis of the crude protein content of each meal or 
cake (Houck, Ryan, Subotnik; Beyer; Hoffmeyer 
et al.). The time trend reflects technological innova- 
tion in the livestock sectors and the increase in the 
average size of livestock holdings. 


The Statistical Model 


Data are available for each EC country on a 
weekly, monthly, and/or yearly basis. Hence, an 
econometric model in which cross-section and 
time-series data are pooled was used. In such mod- 
els, assumptions about the variance-covariance ma- 
trix of the error terms are crucial. In the soybean 
meal demand model, the disturbances among the 
various countries probably are determined by cul- 
tural and social factors unique to each country. 
Data suggest that preferences for various meats 
differ by country regardless of price relations 
(Eurostat). Moreover, the collection and classifica- 
tion of data in the EC countries are not yet har- 
monized. This means that time-series data across 
countries are not fully comparable. For example, 
egg prices are collected by numbers (pence per 
dozen) in the United Kingdom, and by weight 
(deutsche mark per kg) in Germany. 

Differences in meal consumption between time 
periods are, in part, determined by EC production 
of hay and forage, which varies mainly because of 
weather. Although, weather effects are partially 
captured in other independent variables, it can be 
argued that weather is a major source of variation in 
the disturbance terms. ] 

Error component models (ECM) and dummy 
variable models (DVM) can be used for cross-sec- 
tional, time-series analysis where some variation in 
the dependent variable is accounted for by time and 
cross-sectional differences. Since, ECM has more 
restrictive assumptions than DVM (see Judge et 
al.), the latter was used in the analysis. It is possible 
to have both time and country binary variables, but. 
this would result in thirty-seven binary variables. 
Instead, the trend variable (T) represents the time 
effect and gave R? values essentially equal to those 
when time dummies were used. Hence, the final 
model estimated is 2 l 
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8 
QDSM/APFU = By + 2, ^^ 
=i 


+ B:PSM/PECC + B,ECPL 


+ BoAPS + BoT + u, 


where the X, are binary variables to shift the inter- 
cept for each country and u is a stochastic error 
term. 

In the model, Belgium and Luxembourg were 
defined as one economic unit. Data were collected 
over sixteen years (1961-76) in half-year periods 
(32 time observations per country). Data for Ireland 
(a minor meal user) were incomplete, so it was 
deleted from the analysis, table 1. 

Since differences in total soybean meal consump- 
tion per country are large, mainly due to country 
size, the consumption of soybean meal per animal 
feed unit (QDSM/APFU) was taken as the depen- 
dent variable. The use of soybean meal consump- 
tion per animal protein feed unit implies that the 
demand elasticity of soybean meal with respect to 
APFU is 1.0. This assumption is acceptable in re- 
gions, such as EC, where the size of herds is heav- 
ily influenced by government policies. 

The estimation results are shown in table 2, 
which includes the t-values associated with the es- 
timated regression coefficients, the relevant elas- 
ticities, and the adjusted coefficient of determina- 
tion.! 


Estimated Price Elasticity 


There are several explanations for the very low 
value of the price elasticity (—.165) shown in table 2 
as compared with other higher estimates (Houck, 
Ryan, Subotnik; Houck and Mann).? First, the 


' The hypothesis that the slope coefficients are constant over 
countries was tested and rejected. Ordinary least squares applied 
to individual countries gave generally unsatisfactory results. The 
results in table 2 probably contain some specification error but are 
reasonable since the coefficients are of the expected sign, statisti- 
cally significant, and the R? is high. 

? The derivation of the price elasticity from the price. ratio 


soybean meal to corn ( P Free) rather than from the absolute price 


of soybean meal implies the assumption that the ratio of the means 
equals the mean of the ratio, i.e., 
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presence of a profit variable, not used in the other 
models, reduced the estimated effects of price 
changes. The prices of protein concentrates are all 
interdependent (Beyer). The profitability index, 
being a ratio of livestock revenue to the cost of 
feed, is partly dependent on soybean meal prices. 
Therefore, variation in soybean meal prices will be 
"picked up" by the price variable and the profit 
variable. The total price elasticity (e,4,,) is a com- 
bination of the calculated price elasticity (e,,,.) and 
the profit elasticity. It can be shown that the total 
price elasticity is 


£total F Éprice * bed rm 

where byr is the regression coefficient associated 
with the inverse of the profitability index, Wor i is the 
quantitative share of protein concentrates in animal 
feed (28.4% during the period of observation), P,o, 
is the average price of soybean meal, P, is an aver- 
age price index of the livestock sector, and y is the 
mean of the dependent variable (soybean meal con- 
sumption per animal protein feed unit).? Including 
the profitability index increases the estimate of the 
price elasticity to —0.23. This value is still small 
compared with the elasticities estimated previ- 
ously. 

A second explanation involves the price and in- 
come stabilization policy of the EC. Because of the 
CAP and the high relative prices of feed grains to 
oilseeds, it is likely that West European compound 
feed manufacturers and livestock farmers are less 
sensitive to soybean meal prices than producers 
elsewhere in the world. A third reason is the rapid 
expansion of the soybean meal market during the 

PSM 


During the period of observation, these ratios were within 1% of 
each other's values. 
3 The inverse of the profitability index (ECPL) can be written as 


WorProe + 3 W,P, 
ECPL = ————————— —, 
P, 


where W, is the relative quantity of feedstuff component k (k + 
pr), P, the price of feedstuff component k (k + soy), and R, is the 
price of livestock. 











Table 1. Annual Soybean Meal Consumption per Country in "dd MT 
Country 

: Belgium- United 
Year | Germany France Italy Netherlands Luxembourg . Kingdom Ireland Denmark 
1961 . 561 217 161 194 110 287 19 320 
1966 1,971 - 713 547 .403 241 441 49 482 
1971 2,193 1,313 1,004 1,098 465 524 97 555 
1976 2,960 2,115 1,712 1,436 159 754 


T4 985 





Source: FEDIOL. 
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Table 2. Estimated Coefficients and Elasticities for the Dummy Variables Model 


Estimated Regression 


Derived Elasticity 








Coefficient t-values at the Means 
PSM/PECC (price) —0.0746 —2.21 —0.165 
ECPL (profit inverse) —0.5185 —1.91 —0.14 
APS (substitutes) —2.6736 x 107: —1.75 —0.50 
T (trend) 0.0302 8.72 0.68 
Note: R? = 0.85. 


last decade. The continuing expansion shifted the 
demand curve to the right, causing it to become 
more inelastic in recent years. 


Elasticity of Livestock Profitability 


The elasticity of demand for soybean meal with 
respect to the profitability of livestock production is 
also very low. The CAP causes profitability varia- 
tions to remain within rather narrow limits of ‘‘fair’’ 
income and ‘'‘fair’’ consumer prices. The usefulness 
of pooling cross-section and time-series data is il- 
lustrated by the estimation of this regression 
coefficient. Because the CAP limits the variation of 
profitability over time, little information about the 
profit elasticity is obtained from one time period to 
another. However, since profit levels differ be- 
tween countries, cross-section data enables an es- 
timate to be made. 


Elasticity of Protein Substitutes 


The elasticity of demand for soybean meal with 
respect to the availability of protein substitutes 
(—.50) compares closely with earlier: findings. 
Houck and Mann estimated an elasticity of about 
— 45. Vandenborre first estimated this elasticity at 
—0.38 and later at —0.88. From figures presented by 
Matthews, it is possible to calculate an elasticity 
coefficient of —0.7 from his analysis. 

During the observation period 1961-76, soybean 
meal accounted for about 50% of total crude protein 
in EC concentrates (Vachel). If soybean meal were 
a perfect substitute for other protein concentrates, 
a substitution elasticity of —1.0 might have been 
expected. However the favorable amino acid profile 
of soybean meal for nonruminants may explain the 
relatively inelastic estimate for this coefficient 
(—0.50). 


The CAP and the Demand for Soybean Meal 


The effects of numerous changes in the EC agricul- 
tural policy can be explored with the estimated 
model. The estimated changes in EC soybean meal 
demand resulting from three representative CAP 
changes are shown in table 3. 


The effects of cereal price and meat price 
changes are directly derived from the estimated 
demand elasticities. The derivation of the effect of 
surplus skimmed milk powder on the demand for 
soybean meal warrants further explanation. The 
average amount of protein substitutes available an- 
nually in the EC was 2,739,160 MT protein equiva- 
lents. The average annual quantity of skimmed milk 
powder produced during the study period was 
399,820 MT— 14.696 of the total substitutes. Conse- 
quently, an increase of 10% in the production of 
skimmed milk powder augments the total amount of 
substitutes by only 1.46%, implying a 0.7% de- 
crease in soybean meal consumption (1.46 x —.50 
= —.7). Therefore, the production of skimmed milk 
powder could increase 13.796 (--54,800 MT in pro- 
tein equivalents) before the EC soybean meal de- 
mand would decrease by 196 (—26,200 MT protein 
equivalents). The difference between 54,800 and 
26,200 MT protein equivalents demonstrates the 
efficiency loss in terms of protein utilization. Note, 
however, that the so-called surplus production of 
skimmed milk powder (i.e., the amount that is ac- 
tually ‘‘dumped’’ on the market) is only a small part 
of total skimmed milk powder production. For that 
reason, milk powder production in the EC could 
increase greatly before large negative consequences 
on demand for soybean meal would be felt, espe- 
cially since soybean meal is required for the pro- 
duction of milk. Although it is often argued that the 
production of skimmed milk powder in the EC has a 
large negative effect on the demand for soybean 
meal, this study indicates that the effect is small and 
possibly negligible. 


Table 3. Effects of Changes in the CAP on the 
Yearly Demand for Soybean Meal, 1961-76 


Soybean Meal Demand Changes 





Relative Change Absolute Change 





CAP Changes (96) (1000 MT) 
— 10% Cereal prices -2.3 —138 
+10% Meat prices +1.4 +84 
+10% Skimmed milk 

powder production ~0.7 —42 





Knipscheer, Hill, and Dixon 


Conclusions 


The major conclusions of this study are: (a) The ` 


Common Agricultural Policy has a significant effect 
on the demand for soybean meal. Increases in EC 
grain prices, which are influenced by the CAP, re- 
sult in an increase in soybean meal demand. Meat 
prices and skimmed milk powder surpluses affect 
the EC demand for soybean meal. However, the 
negative effect of the skimmed milk powder surplus 
is rather small. (b) The price elasticity of the de- 
mand for soybean meal is smaller than the price 
elasticity in the U.S. soybean meal market. This 
might be caused by the price- and income-stabiliz- 
ing policy of the EC. The effect of price- and in- 
come-stabilizing policies on demand elasticities for 
farmers' inputs deserves further research. (c) Dis- 
aggregation of aggregate world demand models into 
geographical regions with similar agricultural poli- 
cies affecting prices and quantities of related prod- 
ucts can provide useful estimates of the impact of 
such regional policies. 


[Received February 1980; revision accepted 
December. 1981.) 
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Incorporating Technological eee in the Demand for 


Formula Feed in Prenos; 


Yves Surry and Karl D. Meilke 


Of the puzzles confronting economists, none is, perhaps, of greater significance than 
whether the phenomenon of technological change can be abstracted from econometric 


models. (Renshaw, p. 955) 


The use of time trends in economic models is normally regarded as an admission of 


ignorance. (Deadman and Ghatak, p. 1068) 


This paper deals with the issue of incorporating 
technological change into economic analysis. The 
problem chosen to illustrate the idea is the demand 
for.formula hog feed in France. 

Estimates of formula feed demand play an nÁmpor- 
tant part in a more complete model of the French 
feed concentrate market (Surry). The complete 
model explains and projects the future demand for 
soybean meal. This demand depends crucially on 
the rate of expansion in formula feed use because, 
in France, most soybean meal is purchased as part 
of a complete or supplement feed mix. Although 
only one example is given, the technique seems 
sufficiently general for use in other situations. 

Economic theory suggests that the diffusion of 
new agricultural technology has changed price 
levels, efficiency of production, and substitution 
patterns among commodities. The introduction of 
least-cost feed mixing, increased awareness of ani- 
mal nutrition among farmers, vertical integration, 
and modern merchandising techniques have served 
to expand the demand for formula feeds. Represent- 
ing these diverse influences with a simple linear 
trend is clearly inappropriate because the- market 
for formula feed does not, and can not, expand at a 
constant rate. However, the differential rate of 
growth in the formula feed industry can be incorpo- 
rated in a derived demand function with variational 
parameter techniques (Maddala). These techniques 
and their application to the formula feed industry 
are the subject of this paper. 


The Problem 


Equation (1) is a typical derived demand function 
for formula feed, 


Y, 
Q. 
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(D Q= A+ BY, + C At + D TIME + pu, 


where Q, is the demand for formula feed in year t 
(1,000 MT), Y, is the production of livestock in year 
t (1,000. MT carcass weight), PY, is the. price of 
livestock in year t (francs/MT), PQ, is the price of 
formula feed in year ¢ (francs/MT), and TIME is a 
linear trend.' A, B, C, and D are parameters to be 
estimated, and 44 is a random error term with the 
normal properties. The factor demand equation 
specified differs from the usual derived demand 
function in two respects. First, no substitutes for 
formula feed have been incorporated in equation (1) 
and, second, livestock production is considered a 
fixed factor and acts as a proxy for livestock inven- 
tories. : i f 

In equation (1),,the increasing, use of formula 
feed by farmers is captured by shifting the derived 
demand curve to the right by D units each year. In 
reality, however, the adoption of, new technology 
has three possible effects. First, as more and more 
farmers use formula feed, the quantity used per unit 
of pork production increases. It approaches the 
average feed conversion ratio (total feed use per 
kilogram of pork) as the formula feed market share 
approaches 100%.? 

Second, the introduction of formula feed (an es- 
sentially new input) changes the.pork production 
function, and these efficiency improvements may 
cause the average feed Ponverstan ratio to decline 
over time. 

Third, the formula feed price may fall relative to 
pork price, resulting in increasing feed demand. 
Clearly, however, any change in relative prices de- 
pends on the magnitude of size economies in both 


! Data on the price of hogs, price of compound feed, and pork 
production are from reports of the Institut National de la Statis- 
tique et des Etudes Economiques and Foucault. The quantity of 
formula feed fed to hogs is from the Syndicat National de l'Indus- 
trie de l'Alimentation Animale and includes both complete and 
supplement feeds but excludes premixes. Time in the logistic 
model equals 1 in 1955, 2 in 1956, etc. In the adaptive varying 
parameter model, Time equals 0 from 1957 through 1964, 1 in 1965, 
etc. For a more compiete description and discussion of the data, 
see Surry. 

2 The terms ‘‘degree of market penetration” and the "market 
share of formula feed” are used synonymously in this paper; both 
refer to the quantity of formula feed consumed by hogs divided by 
the total consumption of concentrates by hogs. 
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feed manufacturing and pork production, the rate of 
adoption of new technology in pork production, and 
the responsiveness of pork prices to supply 
changes. 

Ideally, econometric estimates of the formula 
feed demand should incorporate all three of the 
above influences. Equation (1) captures the third 
influence through the price ratio but does not allow 
the parameter B to vary as changes occur in the 
market share of formula feed and the average feed 
conversion ratio. 

A basic question is: What pattern does the 
“efficiency response’ coefficient, B (the marginal 
formula feed conyersion rate), follow during a 
transition from when very few farmers use formula 
feed to when nearly all farmers do? Since B is 
clearly not invariant with respect to time, equation 
(1) needs to be respecified as follows, with B a 
time-dependent parameter, 


(2) PY 


PO, + py 

If we assume that the adoption of formula feed 
follows a normal diffusion process (fig. la), the de- 
gree of market penetration will follow an S-shaped 
curve (fig. 1b). The increased market share of for- 
mula feed will be reflected in the value of B, (fig. 
1c). At the beginning of the transition period, the 
number of farmers having adopted the new feed 
input is small, as is the market share of formula 
feed. It follows that the marginal use of formula 
feed with respect to total pork production (B,) is 
similarly small at B1 (fig: 1c). After complete adop- 


Q -A-BY,-C 


Number of 
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tion of formula feed, the relationship between for- 
mula feed use and pork output reaches a ceiling at 
(Bl + B2). This value should reflect the average 
feed conversion ratio when market penetration is 
complete. The adoption of formula feed or other 
technological changes in the pork industry might 
lower the average feed conversion rate. This can be 
modelled by making the ceiling level a decreasing 
function of time. 

Although there are many ways to specify change 
in the parameter B,, only two are presented—the 
first uses a logistic varying parameter model and the 
second uses a modified version of the adaptive re- 
gression model (Cooley and Prescott, Rosenberg). 


A Logistic Varying Parameter Model 


The logistic function provides a good approxima- 
tion to the S-shaped curve depicted in figure 1c for 
the efficiency response parameter B,: 


B2 


(3) . B, = Bi + ] + gP-B4 TIME +v, 


where B1, B2, B3, and B4 (as positive numbers) 
determine the shape of the logistic curve, and 
where v, = N(0, Ty) and COV (w, v) = 0.3 


Substituting equation (3) into equation (2) gives 
the logistic form of the estimating equation, 


3 The sign of B3 will depend on the measurement units for the 
trend, but in our case it is expected to be positive. 


Marginal formula 
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PY, 


A+ C + BLY, 
PQ, : 


(4) Q= 
B2Y, 
| + eB3-B4 TIME + owe 
where w, = Yw, + p, is a heteroskedastic error 
term. 
The time path of B, between its minimum and 
maximum values is determined by the portion of 
equation (3) defined as X;, 


1 


14 gB3- BA*TIME . 


(5) X, = 


Using (5) and rewriting (3) gives 
(6) B, = Bl + B2X, + uw. 


From (5) and (6) itis clear that as TIME > o, X, —^ 
1.0 and E(B) + B1 + B2, its maximum value. 
Because the true degree of market penetration by 
formula feed is unknown, the degree of adjustment 
in B,, calculated from (5), is used as a proxy for 
market share. 

Expressions (4), (5), and (6) exhibit several in- 
teresting properties. First, following Griliches (p. 
504), B4 and B3 are, respectively, the growth rate 
or acceptance rate coefficient and the constant of 
integration positioning the curve on the time scale. 
Second, as time tends to infinity, the asymptote 
(B1 + B2) is roughly equivalent to the quantity of 
formula feed needed to produce another unit of 
pork. Third, the elasticity of feed demand (E,,) with 
respect to changes in livestock production is 


(7) 


and should approach one as TIME —» œ. This is 
because as long as the market share of formula feed 
is not 10096, the growth rate in the demand for Q, 
will be higher than the rate of growth in pork pro- 
duction. Fourth, the ceiling level may decrease 
over time because of more efficient animal produc- 
tion techniques. If a linear decreasing trend is as- 
sumed, as suggested by Foucault (p. 89), the varia- 
tion in B, could be represented by 
j^ cac NUM D. 
where B6 and B7 are considered positive. 
Rausser and Mundlak have developed proce- 
dures to estimate equation (4) correcting for the 
heteroskedastic error term. However, to simplify 
the estimation it was assumed that equation (3) is 
deterministic rather than stochastic. Then the 
heteroskedastic error term vanishes, and equation 
(4) can be estimated with nonlinear least squares. 


An Adaptive Convergent Parameter Model 


In the logistic model, the coefficient B, varies over 
time according to a prespecified pattern. Since we 
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know that B, must reach an upper limit at the com- 
pletion of the diffusion process, any parameter 
structure that allows B, to converge toward an 
upper limit is an alternative. Rosenberg has devel- 
oped one such estimator as follows: 


(9) B, = (1 — AB + ABL, + ze 


In this model, the coefficient A is an adjustment 
parameter that must be between zero and one for 
convergence. It can be seen thatfor0 A < 1; B,— 
B as t — œ. Although this model structure was 
developed by Rosenberg for cross-section-time- 
series data, it can be adapted for use with time- 
series data as shown by Maddala (p. 399). 

Using the lag operator (L), the estimatable form 
of this model is 


00) (1— AL)Q,= (1 — 3)A + (1 — XBY, 





PY, 
+ C(1- AL) ——- (1 - AD)u + Y,z, 
(= AL) Bot (07 AL) + Yon 
which can be rewritten as 
Z PY, 
(11) Q, = (1^ AJA + (1 — X)BY, + C 0, 
PY, 
— AC EL + AQ + by A -1 + ze Ya 
PO, Q. P be. tte 


Hence, the estimatable form of the adaptive 
model contains lagged dependent and exogenous 
variables and has a heteroskedastic, autocorrelated 
error term. 

Judge et al. (p. 395) discuss the difficulties of 
estimating equations similar to (11); but to simplify 
estimation of equation (11), equation (9) is assumed 
to be deterministic. In this case equation (9) is a 
first-order difference equation whose solution is 
(Yamane, p. 331) 


(12) B, = Boat Bü — M), or 
(13) B, = Bite! ^«^ + B, 
where B10 — B, — B. 


Replacing B, in (2) by (13) gives a demand curve 
with a well-behaved error term that can be esti- 
mated with nonlinear least squares, 


(14) 
Q: = A + Bl0Y,ettoe^ + BY, + c + py. 
t 


From equation (12) it can be seen that the values 
of the marginal feed conversion ratio (B,) range 
from B, when t = 0 to B when t = o. The transitory 
values of B, equal a weighted sum of the two 
extreme values, with the weights equal to àt and 
(1 — à‘). The weights \‘ and (1 — A‘) represent the 
proportion of producers who remain to accept, and 
have accepted, formula feed, respectively. Because 
0 <A « I, X declines exponentially as £ — o. The 
degree of adjustment of B, toward B is given by 
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(1 — à), which approaches 1.0 as t — œ. This value 
is used as a proxy for the market share of formula 
feed. 


Empirical Results 


Table | contains various estimates of the demand 
for pork formula feed in France, where all of the 
equations have been estimated using annual calen- 
dar year data from 1957 through 1977. The table 
includes estimates of the logistic curve and the 
adaptive model discussed earlier. For comparison, 
an equation with no time trend and an equation with 
a linear time trend estimated both with and without 
a correction for serial correlation are presented. A 
comparison of the first four equations in table 1, 
which employs a constant parameter specification, 
indicates large parameter variation among equa- 
tions, strong autocorrelation, and small r-values as- 
sociated with the price term. The coefficient at- 
tached to the livestock production variable ranges 
from 2.8 in equation (4) to 8.9 in equation (1). 
Similarly, the price coefficient ranges from —67.9 to 
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107.0. (The parameter instability is confirmed using 
the CUSUM test [Brown, Durbin, Evans]). High 
simple correlation (0.965) between the livestock 
production variable and the linear time trend likely 
contributes to this parameter instability. The real 
problem is caused by our attempt to approximate 
nonlinear parameter variation with constant param- 
eter techniques. Strong autocorrelation also indi- 
cates a possible misspecification of the underlying 
relationship. 

The parameter estimates obtained from the logis- 
tic and adaptive models appear more reasonable 
and, with the exception of the price term, have 
large t-values associated with them. The low r-value 
for the price term is not surprising, given the very 
strong trends in formula feed consumption and pork 
production. Use of pork production instead of hog 
inventories in the demand function may also mask 
some of the price responsiveness of formula feed 
demand. Changes in the average market weight of 
hogs are captured in the pork production variable. 
The price term in the logistic varying parameter 
equation is the only one with a f-value greater than 
one. The estimated elasticity is .22 at mean values. 


Table 1. Estimates of the Demand for Pork Formula Feed in France 
A. Constant parameter without a time trend: 
Q, = — 6489.8 + 5.3 Pr + 107:0 P EIN (OLS) 
(-3.9)* (11.3) (7) 
Rt = 958 DW = 1.15 SEE = 298.7 Obs = 21 
Q, = 1645.9 + 3.5 Y, + 50.2 PY/PQ, (Cochrane-Orcutt) 
(.67) (2.81) (.63) 
R = .980 DW = 1.68 Rho = .96 SEE = 188.1 Obs = 21 
B. Constant parameter with a linear trend: 
Q, = —2850.9 + 4.7 Y, + 96.4 TIME — 67.9 PY,/PQ, (OLS) 
(-13) (2.4) (23) (7.4) 
Rt = .966 DW = .89 SEE = 267.8 Obs = 21 
Qi = — 3264.3 + 2.8 Y, + 186.2 TIME + 44.5 PY,/PQ, (Cochrane-Orcutt) 
(-2.7) (2.4) (5.0) (.6) ; 
R = .988 DW = 1.98 Rho = .76 SEE = 157.5 Obs = 21 
C. Logistic varying parameter: 
Q, = — 1776.3 + 2.58 Y,- 2.48 Y,/[1 + EXP(6.36 — .45 TIME)|+ 80.2 PY,/PQ, 
(—1.5) (2.36) (5.45) (4.83) (—4.99) (1.08) 
DW = 2.21 SEE = 115.9 Obs = 21 


D. Logistic varying parameter with a declining ceiling level: 


Q: = — 1127.42 + 1.83 Y, + (7.34 — .188 TIME)Y,/[1 + EXP(5.42 


(-.99) (1.59) (1.37)(-.93) 
DW = 2.54 SEE = 109.3 Obs = 21 


E. Adaptive varying parameter: 


Q, = — 2045.4 — 2.64 Y.*EXP[TIME*Log(.873)] 2 n Y, + 64.0 PY/PQ, 


(—1.83)(—5.03) 
DW = 1.41 SEE = 160.4 


(3.80) 
Obs = 21 


— .327 TIME)]+ 50.83 PY,/PQ, 
(72) 


(6.77) (-3.95) 


(C73) 





e (-values are given in parentheses. 
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Attempts to estimate the adaptive model with 
parameter variation beginning in 1957 resulted in 
nonconvergence. Visual inspection of the data 
clearly suggests that B, follows an S-shaped time 
path. Consequently, parameter variation in the 
adaptive model was started in 1965 because the 
exponential time path provides a good approxima- 
tion of the upper half of an S-shaped curve. 

Table 2 shows, for both models, the value of B,, 
the degree of adjustment in the parameter B, (a 
proxy for the market share of formula feed), and the 


elasticity of feed demand with respect to pork pro-- 


duction. For the logistic model, the coefficient in- 
creases from 2.64 in 1960 to 5.02 in 1977 as the 
degree of penetration increases from 2.5% to 
98.1%. For the adaptive model, the value of B, is 
higher over all of the estimation period, but the 
differences are not great, particularly during the 
late 1970s. Over time, the estimated elasticities fall 
from over 3.0 to just above 1.0 for both models. All 
of these results appear reasonable based on a priori 
knowledge. f 

The elasticity estimates from the traditional 
model, while approximately the same magnitude 
early in the period, are far smaller than those from 
either varying parameter model late in the period. 
This has obvious implications for future forecasts of 
the demand for compound feed based on estimates 
of future growth rates in pork production. 

The final equation in table 1 is a logistic varying 
parameter model corresponding to equation (8), 
where the ceiling feeding level is allowed to decline 
over time. While the TIME* Y, variable has the ex- 
pected negative sign, the t-value associated with it 
is less than one. In addition, the value on the effic- 
iency response coefficient early in the period seems 
unrealistically large, and the value late in the period 
is unrealistically small. 


Summary and Conclusions 


The two varying parameter models used in this 
paper illustrate a way to introduce technological 
diffusion processes into econometric relationships. 
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In particular, the logistic model performs well, hav- 
ing the smallest standard error of estimate while 
approximating the expected time path of the 
efficiency response parameter. This model is, how- 
ever, most useful when the diffusion process is 
nearly complete or when the penetration rate can be 
estimated directly. Both of the varying parameter 
models can be estimated easily and inexpensively 
with any nonlinear regression package, as long as 
the parameter variation is deterministic. Both vary- 
ing parameter models generate elasticity estimates 
consistent with a priori expectations, whereas the 
elasticity estimates from the fixed parameter mod- 
els are far smaller than expected at the end of the 
estimation period. . 

The relationship between livestock production 
and formula feed use is crucial in projecting the 
demand for formula feed and formula feed ingre- 
dients such as soybean meal. Consequently, the 
method developed here to account for technological 
change in animal feeding should provide improved 
forecasts of future feed ingredient demand in coun- 
tries where the use of formula feed has grown rap- 
idly. 


[Received August 1980; revision accepted October 
1981.] 
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Table 2. Estimated Values of Efficiency Response Coefficients, Market Share, and Elasticity 














Model with Time 
Variable 
Logistic Model Adaptive Model (Cochrane-Orcutt) 
B, Market B, Market 
Estimated Share ES Estimated Share Ew Ew 
Coefficients Proxy Elasticity Coefficients Proxy Elasticity Elasticity 
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À 0.87 








* Ew is elasticity of formula feed demand with respect to livestock production. 


Surry and Meilke 


Griliches, Z. ‘‘Hybrid Corn: An Exploration in the Eco- 
nomics of Technological Change.” Econometrica 
25(1957):501-22. 


Institut National de la Statistique et ‘des Etudes: 


Economiques. Statistical Yearbook. Paris, various 
issues. J 

Judge, G. G., W. E. Griffiths, R. C. Hill, and T. Lee. The 
Theory and Practice of Econometrics. New York: 
John Wiley & Sons, 1980. 

Maddala, G. S. Econometrics. New York: McGraw-Hill 
Book Co., 1977. 

Rausser, G. C., and Y. Mundlak. ''Structural Change, 
Parameter Variation, and Forecasting." Giannini 
Foundation Work. Pap. No. 76, University of Cali- 
fornia; Berkeley, 1979. 


Formula Feed Demand in France 259 


Renshaw, Ed. ''Distributed Lags, Technological Change, 
and the Demand for Fertilizer." J. Farm Econ. 

. . 43(1961):955-62. 

Rosenberg, B. ' 'Random Coefficients Models, The Analy- 
sis of a Cross-Section of Time-Series by Stochasti- 
cally Convergent Parameter Regression." Ann. 
Econ. and Soc. Measure. 2(1973):399—428. 

Surry, Y. “An Econometric Study of Future Trends in 
Demand for Soybeans and Soybean Products in 
France." M.Sc. thesis, University of Guelph, 1980. 

Syndicat national de l'Industrie de l'Alimentation 
Animale. Les Industries de l'Alimentation Animale. 
Paris, 1978. 

Yamane, T. Mathematics for Economists: An Elementary 
Survey. New Delhi: Prentice-Hall, 1970. 


Rational Expectations in Agricultural Economics 
Research and Policy Analysis 


Brian S. Fisher 


Despite recognition by agricultural economists that 
price expectations are important in agricultural de- 
cision making, few changes in the way price expec- 
tations appear in economic models of agriculture 
have been made during the past two decades. For 
example, in the major proportion of existing supply 
response studies it has been assumed that price 
expectations are formed adaptively. (For an illus- 
tration of the extent that this assumption has been 
used, see Askari and Cummings.) That is, expected 
price is assumed to be a weighted average of past 
prices with the weights declining geometrically over 
time. In other supply response studies, it is as- 
sumed that a polynomial distributed lag on product 
prices provides an adequate representation of the 
system's dynamic structure (see, for example, 
Meilke, Zwart, Martin; or Fisher). However, as 
Muth (p. 315) noted, there is ‘‘little evidence to 
suggest that the presumed relations bear a resem- 
blance to the way the economy works.”’ 

Although data on anticipations are collected in 
many ways, only a few studies have tried to deter- 
mine how individual decision makers actually form 
expectations (Heady and Kaldor, Turnovsky, and 
Fisher and Tanner). Katona, in calling for more 
research of this kind, also identifies some difficul- 
ties in studying the psychology of individuals' learn- 
ing processes. Until psychologists make more prog- 
ress in this area, economists who incorporate an- 
ticipations in their models will have to use another 
approach. However, there are few choices. 

The popular adaptive expectations hypothesis is 
inadequate, not because it implies that the forecast 
of a particular variable is a distributed lag of its own 
past values, but because it implies that the distrib- 
uted lag parameters are restricted in an ad hoc way. 
In general, assuming that price expectations are 
formed adaptively is ad hoc because the parameter 
restrictions in the distributed lag are not the result 
of an optimization process. Alternative formu- 
lations, such as the assumption that expectations 
are naive or generated by some other simple au- 
toregressive form, are inadequate for similar rea- 
sons. 


Brian S. Fisher is a lecturer in the Department of Agricultural 
Economics, University of Sydney. 

The author gratefully acknowledges the helpful comments by 
Dick Todd, Fran Antonovitz, Carolyn Tanner, Keith Campbell, 
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The Rational Expectations Hypothesis 


These problems can be partly overcome by assum- 
ing that expectations are rational. The concept of 
rational expectations provides a method of inter- 
preting agents' (decision makers) use of available 
information in making decisions. Rational expecta- 
tions for a particular variable are mathematical ex- 
pectations conditional on available information. 
This information consists of all available observa- 
tions on the variable in question and on related 
variables at the time the forecast is made. Accord- 
ing to Muth, ‘‘Expectations, since they are in- 
formed predictions of future events, are essentially 
the same as the predictions of the relevant eco- 
nomic theory" (p. 316). 

The rational expectations hypothesis implies that 
agents know the structure of the system in which 
they operate. To use Sims' (p. 6) example, it is 
possible that on reading news of a frost in Brazil, 
U.S. consumers will stockpile coffee in anticipation 
of a price increase. The implication is that variables 
known to affect supply enter the demand equation 
(and vice versa) through their effect on expected 
price. Therefore, the optimal price predictor will 
contain information from both the supply and de- 
mand equations. Thus, an unrestricted adaptive ex- 
pectations formulation is not optimal. (For a simple 
model, Muth [p. 320] illustrates the relationship be- 
tween the rationally expected price and a restricted 
geometrically weighted average of past prices. In 
this case, the coefficient in the expectations formula 
is a function of the original demand and supply 
parameters.) 

To solve a microeconomic problem, such as a 
firm's supply response, neoclassical economists 
often postulate a representative firm maximizing 
some constrained objective function. To many ag- 
ricultural economists, this suggests standard math- 
ematical programming. The rational expectations 
framework, however, provides a systematic way to 
incorporate the effects of uncertainty about future 
prices. Typically, this involves assuming that the 
agent wishes to maximize discounted expected 
profit subject to technological constraints. Further 
assumptions, such as restricting the returns func- 
tion to be linear quadratic, are used to make the 
control problem mathematically tractable. The so- 
lutions generate a set of equilibrium stochastic pro- 
cesses, some of which describe the representative 
firm's optimal decision rules such as investment or 
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supply equations. An equilibrium that satisfies the 
constraints of the stochastic optimization problem 
is known as a rational expectations equilibrium be- 
cause the representative firm is assumed to forecast 
particular variables by taking conditional mathe- 
matical expectations using the stochastic processes 
actually governing those variables (Sargent 1979, 
pp. 342-3). The final estimating equations include 
nonlinear cross-equation restrictions on the param- 
eters. Extensive work has been done on both the 
formulation and estimation of this model type 
(Hansen and Sargent; Sargent 1979, 1981; Nerlove, 
Grether, Carvalho; Eckstein). 

Alternatively, Wallis and McCallum (1976) have 
imposed rational expectations on a classical 
econometric model in which expected values of a 
subset of the endogenous variables are included in 
the system. In this case, it is implicit that the equa- 
tions in the system describe both the optimal deci- 
sion rules of the agents and the way they interact 
with each other. Using decision rules of traditional 
econometric models loses some of the structure 
derived by solving an optimization problem. There- 
fore, applying rational expectations to an already 
established econometric model is less useful than 
starting from first principles. However, it does 
allow the analyst to employ restrictions from eco- 
nomic theory in taking account of unobservable 
anticipations variables. This is more consistent with 
the notion that economic agents are optimizers than 
using typical ad hoc formulations. 


The Lucas Critique 


The expected price formulation adopted also should 
allow for changes in government policy. For exam- 
ple, it is naive to build supply response models 
containing price expectations generated by past 
prices alone when a government agency is known to 
be altering the future course of prices. This is extra 
information that can be used to make more in- 
formed price forcasts. To employ devices such as 
simple adaptive expectations is to ignore this in- 
formation. 

Basically, this is the criticism raised by the ‘‘ra- 
tional expectations school’’ about how traditional 
economic models have been used to evaluate the 
impact of changes in government policy. Here, the 
emphasis is on changes in the policy rules or regime 
rather than the value of some specific policy in- 
strument. The “rational expectations school'' ar- 
gues that the parameters of the decision rules are 
functions not only of parameters in agents' objec- 
tive functions and the stochastic processes that 
generate the exogenous variables but are also func- 
tions of government policies. The latter affect the 
paths of those exogenous variables considered to be 
policy instruments. If so, the estimated coefficients 
of most economic models are not invariant to 
changes in policy regimes. If economists wish to 
ánalyze policy interventions, such as price stabili- 
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zation schemes or changes in target price formulas, 
then it is necessary to identify how policy regime 
changes alter the basic model. This says that eco- 
nomic agents perceive the type of policy being fol- 
lowed and take that information into account when 
forming expectations. These issues, first raised by 
Lucas in a macroeconomic context, have been 
labelled as the Lucas critique in the general mac- 
roeconomic literature. (For a discussion of these 
questions using a model of investment under uncer- 
tainty, see Sargent 1981, pp. 231-4). 

If a change in the policy regime may affect a 
theoretical model's parameters, then the economist 
Should build an empirical model that will allow in- 
ferences to be drawn about how agents will behave 
as their environment changes. Often, the change in 
environment is really a change in one constraint in 
the agents' decision-making problem. Therefore, to 
analyze a policy change, it is necessary to trace the 
effect of a change in a constraint through to the 
relevant decision rule (Lucas and Sargent). If 
economists accept that economic agents are ra- 
tional in the sense that they are optimizers (a read- 
ily accepted view in both firm and demand theory), 
then the rational expectations hypothesis provides 
a framework to solve this crucial problem. 


Rational Expectations in a Simultaneons Equations 
Framework 


This is an illustration of how the rational expecta- 
tions hypothesis can be imposed on a traditional 
simultaneous equations model. It explores, through 
example, the impact of a policy rule change on the 
model. This approach is similar to Wallis’ (pp. 50— 
52). 

Consider the general model, 


(1) By, * Ay*t + Past Poms = up 


where y, is a vector of g endogenous variables, y*, is 
a vector of g anticipations formed in period (t — 1) 
on the endogenous variables, x,, is a k, vector of 
exogenous variables, x,, is a (k — k,) vector of 
intercept and seasonal terms whose future values 
are known with certainty. For simplicity, assume 
that there are no lagged endogenous variables in the 
system. The parameter matrices B, A, Y',, and T; 
have dimensions (g X g), (g X g), (g X kı), and 
[g x (k — k,)], respectively. A necessary condition 
for identification in this system is that there are 
more exogenous variables than anticipations vari- 
ables (Wallis, p. 63). 

The expectations variables, y*,, are unobserv- 
able. Therefore, it is necessary to make some as- 
sumptions about the formation of expectations be- 
fore the system's parameters can be estimated. For 
example, if agents form naive expectations, then 
y*, = yı- However, if the rational expectations 
hypothesis is imposed, then expectations are the 
same as the predictions from the model, conditional 
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on the information available, Q, ,. That is equiva- 
lent to defining. y*, as y*; = E (YAQ) 

From (1) note that 
(2) By, + Ay* = u, — 
Taking conditional expectations gives 
(3) E (By + A y*) =E (u, — Fixy — Fx). 
and, therefore, 


(4) (B +A) y* = — Tii 7 Tsxeo 


Tx, — Pax. : 


where X, are the predictions of the exogenous vari- 


ables in period (1), given all information available 
up to period (t — 1). The vector of expectations, 
y*,, is then 


(5) y* = -(B AY! Pye — (B + A)? Damp. 


Substituting (5) into (1) expresses the model in 
terms of observable variables: 


(6 By, — A(B + A)! Tii, 
+ Tyxy.- A(B + AY)! Toxy 
i : *oDx = uy. 


The restrictions inherent in equation (6) imply that 
the information useful in forecasting shifts in the 
exogenous variables is incorporated in the model 
consistent with the economic structure underlying 
equation (1). 


The reduced form of the system then becomes 


7) y = BAB + A)! FX 
= B^ TIyx, + B7 A(G + A)! Tox; 
' -B-: TeX + B! uy. 


The errors in rational expectations are the differ- 
ences between y, and y*,. Subtracting (5) from (7) 
gives! 


(8) y - Yt = BAT, Qu- 


To complete the model, it is necessary to specify 
forecasting functions for the £,, variables. This 
might be done by specifying a vector autoregressive 
moving-average model for x,,. A very simple model 
of this form is the first-order autoregressive model, 


(9) ' xy = xy. + €, 


Xu) + B^ uy. 


where e, is a white noise process independent of the 
disturbance, u,. In this case £,, = dx, , because 
E(x,|Q,.:) = ®xy_;. The set of equations to be 
estimated is then represented by (6) and (9). Wallis 
(pp. 64—69) discusses some ways that such a 
system could be estimated. 

Although lagged endogenous variables can be in- 


! The source of the errors in anticipations can be seen by inspec- 
tion of equation (8). These errors are a function of the deviations 
of the actual values of the exogenous variables from their expected 
values and the disturbances of the economic model. Contrary to 
the views expressed by some (for exaraple, see Forman), it is 
obvious from (8) that the rational expectations hypothesis does 
not imply that agents in the economic system bave perfect 
foresight. i 
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corporated in the Wallis framework, the sources of 
the lags are usually not identified as explicitly in 
traditional econometric models as in models built 
using the Hansen and Sargent approach. Produc- 
tion restrictions and adjustment processes are in- 
corporated as constraints in the optimization prob- 
lem when the Hansen and Sargent approach is 
adopted. A result is that distributed lags in the final 
estimating equations have a stronger theoretical 
underpinning than data-based distributed lags fea- 
tured in many econometric models. This and the 
differences in treating disturbance terms are the 
major dissimilarities between the Wallis and Han- 
sen and Sargent approaches. 


An Illustration 


Consider the following simple supply and demand 
model for an agricultural commodity: 


(10) Q, + oy P*, + yuPI, — yu 


+ yis = uy (Supply), , 


(1) Bi Qr + Pe + Yn Yı + ys = Uy (demand). 
The quantity supplied Q,, is a function of the price 
expected in period (1), P*,, the price of inputs, PI, 
and the value of an input subsidy (or tax), S,. In this 
case, S, may represent a subsidy paid on fertilizer 
price, or it could represent an excise tax on fuel 
prices. The coefficient on the variables PI, and S, is 
the same because the sum of these variables is the 
total price paid for inputs. Equation (11) is the price 
(demand) equation. Price, P,, is specified as a func- 
tion of the quantity sold and disposable income, Y;. 
The system is recursive and the market clears in 
each period. f 
The rational expectations hypothesis implies 
that, when forming expectations, farmers take ac- 
count of both supply and demand factors. In the 
present case, rational farmers will take account of 
how the income variable, Y;, is changing, as well as 
how PI, and S, are changing. The matrices corre- 
sponding to the format of equation (1) are 


Re [ai a-[$ 
a Car Ed 
y = [Q P. y* = [Q*, P] 


and x', is the unit vector. 
From (6), the model, in observable variables, is 


Bi, _ 2 Bn Yu s, 


(12) Q + ig Bu Yu 
: í w [^] 


= aut Î, + YuPl, — yuSe + yy 


4 o9 Ber Yis — Qir Yas 


= Uy 
w , 


Fisher 


(13) Bu Q, F P, + Yaz Y, + yz; = Ust 


where o = 1 — B2102. 


. Notice that the supply equation contains antici- 
pated values for the exogenous variable from the 
demand equation and that there are nonlinear 
cross-equation restrictions on the supply equation 
parameters. There are no such restrictions on the 
demand equation, (13), because there are no expec- 
tations variables in equation (11). The restrictions 
that result from the rational expectations hypothe- 
sis provide information that can be used to identify 
a, and z. Although statistically consistent esti- 
mates of the parameters can be obtained without 
the restrictions, imposing the cross-equation re- 
strictions during estimation will result in more 
efficient estimates of the parameters in the system 
than otherwise would be the case. For a given data 
set, the null hypothesis that there are no parameter 
restrictions can be tested against the alternative 
that the rational expectations restrictions hold 
(Hoffman and Schmidt). 

The reduced form of the system can be written 
using (7): 


(14) Q= cea Ente Pi, + O12 Pn Yu $, 
+ Sia Yn f,- yu PI, + Yar S, 
@ 


Ois Yes — Qr Bar Yia 


1l 


(15) p, = Bu eu Yu py — Ba! 2an s, 
Ww 


_ Ba aus Yn $ + Bn yu Ph- Bn Yn St 


— yn Y, + I Bai! Oy2 yis — Ber 082 Ves 
w 


+ Bor Yn va + Va, 


where v, is a matrix of reduced-form disturbances. 
Before the model can be estimated, the stochastic 
processes that are to be used to forecast future 
values of the exogenous variables must be spec- 
ified. With estimates of the model parameters, equa- 
tions (14) and (15) can be used for forecasting or 
policy analysis. 

The policy variable, $,, is a subsidy paid on in- 
puts. The aim is to analyze the impact on output of 
a change in the subsidy. Assume that the process 
which generates S, can be written 


(16) Si = Se. + € 


The optimal forecasting equation for quantity is 
then obtained by substituting the forecast, $, = 
$,5,..,, into (14) together with the forecasting equa- 
tions for PY, and f, If the stochastic processes 
underlying PI, and Y, were 
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(17) PI, = Pli + b3Phia + es, 
(18) Y, = GY + Ess 


then the optimal forecasting equation for quantity 
would be 


(IS Q= -yn Pi, — She Pu Ya $e Ph, 


015 Bar Yu Qa 
— SRE Yu Ps p 
5 Tg + YS; 
a 
4 22 Ba yu $1 Got O2 Yoo Q4 


Y, 
a A 1 


— Gs Bar Vig 
a 


à O2 Y23 





Yi + Une 


Equation (19) shows that the rational expectations 
hypothesis provides a reduced form similar to other 
distributed lag reduced forms except for the param- 
eter restrictions on the distributed lags. 

The impact of unannounced changes in 5, on the 
quantity produced will be given by the coefficient 
yı Since the change in $, is zero. This is similar to 
the usual impact multiplier analysis. However, this 
is not a particularly interesting case because most 
agricultural policy is not conducted in stealth. 
Therefore, consider the case where the government 
announces that, because of budgetary constraints, 
it can no longer pay the subsidy, and that it intends 
to phase out the subsidy evenly over a four-year 
period. The usual approach to assessing the impact 
of such an announcement on quantity produced in 
the period immediately following it would be to 
change the level of S, by 25% and to calculate the 
impact on Q,. However, if the government has an- 
nounced that it intends to phase out the subsidy 
evenly, then the process generating S, has changed. 
The new process could be written as? 


Q0) S, = S,1 — .25 S, for the first four years, 


0, after four years, 


where S$ is the initial subsidy level. Substituting the 
optimal predictor of S,, $, = Sı — 0.25 S, into 
(14), together with the forecasting equations for PI, 
and Y, results in the following equation: 


Q) Q= -yupr, - Sn Fans pr, 


_ 215 Bei Yn Ps Pliz + Yui 
w 


+ Pur s, + Sata ee Ya 


+ ( Oi Yna — Oui Bar Yi a yis 
Ww 
E (= Ba Yu =] + Vy: 
w 


2 An alternative specification for the policy change would be to 
consider $, in equation (16) as a time-varying coefficient with 
values 0.75, 0.66, 0.5, 0, 0, 0. . . . in the years after the change. 
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Comparing equations (19) and (21) shows that some 
of the reduced-form parameters have changed. In 
this case, the impact of the change in the policy 
regime is given by the change in the coefficient on 
S,.,, the altered intercept term, and the change in 
the subsidy variable itself. The outcome is obvi- 
ously different from that calculated in the tradi- 
tional way. It is not uncommon for analysts to 
change intercept terms in equations of traditional 
econometric models in order to simulate the effects 
of policy changes. However, this is not an adequate 
substitute for a fully specified rational expectations 
model because this hypothesis has implications not 
only for the way in which the system is estimated, 
but also for how it is simulated. 


An Overview 


The Lucas criticism of the conventional use of 
econometric models for either ex ante or ex post 
analysis of changes in policy rules has been demon- 
strated with a simple model of a commodity market. 
If economic agents possess information about a 
forthcoming change in the policy regime and they 
use that information in an optimal way, then re- 
liance on a traditional simulation approach will lead 
to incorrect conclusions about its effects. The rea- 
son is that the parameters of the system will change 
given nontrivial policy changes. However, if the 
model is specified so that the user can incorporate a 
new process to describe the path of the policy in- 
strument after a change, then the simulation re- 
mains valid. As pointed out by Wallis, “The 
difficulty in the usual approach is that data-based 
distributéd lags confuse two separate aspects, 
namely economic optimization procedures and 
forecasting procedures, and the effect of a required 
change in the latter on the lag function cannot be 
perceived without separating the two components” 
(p. 71). 

It has been demonstrated that the rational expec- 
tations framework provides a way to overcome the 
Lucas criticism of the traditional method of policy 
evaluation. However, there are some objections to 
the rational expectations hypothesis. According to 
McCallum (1980, p. 38), there are two common 
criticisms of the hypothesis. First, it may be un- 
realistic to assume that agents use all information 
that is available. Second, it may be unrealistic to 
assume that agents use information as intelligently 
as the hypothesis claims. Two other criticisms are 
that it is unrealistic to assume that agents know 
with certainty the processes which generate the 
exogenous variables, and that the existence of 
commodity cycles is inconsistent with the notion of 
rational expectations. The first and third are criti- 
cisms of the simplifying assumptions that informa- 
tion is costless and that there is instantaneous learn- 
ing by agents. As in any economic model, these 
assumptions are made so that approximate solu- 
tions to some practical problems can be obtained. 
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Extension of the model to incorporate effects of the 
cost of information is consistent with the frame- 
work already established by Sargent and others. 
Attempts to incorporate learning in models, how- 
ever, are likely to be different (Sargent 1981, pp. 
234—6; De Canio; Grossman). 

The final criticism is unfounded. Typically ra- 
tional expectations models contain lags due to 
cost-of-adjustment effects and technological con- 
straints. Simulation of the resulting stochastic 
linear difference equations will, under some cir- 
cumstances, generate cycles (Sargent 1979). The 
second criticism of the rational expectations hy- 
pothesis is genuine. However, the rational expecta- 
tions hypothesis is consistent with the common no- 
tion that economic agents are optimizers, and it 
generates readily testable propositions. It remains 
for agricultural economists to test them. 


[Received March 1981; revision accepted 
September 1981.] 
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Rational Expectations and Competitive 


Pricing and Storage 


Peter G. Helmberger, Robert D. Weaver, and Kathleen T. Haygood 


Should the government of a free 'enterprise econ- 
omy such as the United States undertake commod- 
ity price stabilization? Economists can surely help 
to answer this question by measuring the economic 
effects of whatever stabilization program is under 
consideration. If benefit and cost measurements 
can be made, so much the better. Quantitative 
analysis is needed on the performance of commod- 
ity markets over time with and without a stabiliza- 
tion program. 

At present such analysis is impeded by the ab- 
sence of a satisfactory intertemporal theory of mar- 
ket storage and pricing under conditions of uncer- 
tainty. Literature in the Waugh-Oi tradition, includ- 
ing papers by Massell (1969, 1970), Turnovsky, and 
Subotnik and Houck, is concerned.mainly with the 
benefits and costs of stabilization in comparison 
with markets where the role of market storage is 
ignored. Another line of work, following Gustafson, 
seeks to determine optimum storage given initial 
conditions, including carryin from previous periods 
and demand and supply relationships. Here, too, 
the role of a market or other allocative mechanism 
in determining storage levels often is given short 
shrift. The recent paper by Burt, Koo, and Dudley, 
for example, estimates optimal strategies for a U.S. 
wheat reserve policy without modeling private 
storage decisions and without analyzing interac- 
tions between private and public decision makers. 
While this approach may be useful in identifying 
inefficiency, it is not clear how, in a market econ- 
omy, such findings can be used to frame a sensible 
government program. À third area of relevant liter- 
ature deals with futures markets. Although this lit- 
erature is vast and instructive (Gray and Rutledge), 
the theoretical work is often informal and dis- 
jointed. 

The objective of this paper is to develop a theory 
of competitive pricing and storage under uncer- 
tainty. We believe that the theoretical results have 
important implications for future empirical research 
and public policy. This development draws upon 
the earlier work of Samuelson, Turnovsky, and 
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Helmberger and Weaver. Samuelson developed a 
theory of storage and temporal pricing assuming 
that future events were known with certainty. He 
suggested that his theory might help in understand- 
ing real-world phenomena and be a stepping stone 
to analyses involving uncertainty, When uncer- 
tainty is introduced, however, an assumption must 
be made about how price expectations are formed 
by market participants. Helmberger and Weaver 
developed a theory of storage under conditions of 
uncertainty assuming that producers and arbitrag- 
ers are guided by rational expectations (Muth). 
However, the way price expectations are formed 
within their theory is consistent with rational ex- 
pectations only under restrictive assumptions, and 
one purpose of this paper is to relax those assump- 
tions. 


A Theory of Competitive Pricing and 
Storage under Uncertainty 


We postulate the following model: 


(1) D, = œ — œP, + U, 
(2) $, = Bot BE (P) + V, 
(3) Dı- Sı- Tia + l, = 0, 


where D,, S,, and P, are, respectively, quantity de- 
manded for consumption, quantity supplied, and 
price in period t. The carryout and carryin are given 
by I, and 1, ,, respectively. E, ,(P,) is the expected 
price in period ¢ formed at the end of 
period t — 1. U, and V, are random variables with 
zero means and finite variances. Randomness in 
demand is unrelated to randomness in supply, so 
that E, ,(U,V,) = 0. 

We want to explain how prices, inventories, 
quantities consumed, and quantities produced are 
determined, given initial conditions, for a set of 
time dated markets ż, t + 1, ..., 1 + A, where the 
period t + h is the horizon beyond which expecta- 
tions are not formed. A number of assumptions are 
made to simplify the analysis. The following theo- 
retical development is limited to a two-period case 
with the terminal condition, J,,, = 0. However, an 
algorithm is briefly described for solving models 
with horizons extending beyond two periods. A 
zero discount rate is assumed, although a gener- 
alization with a nonnegative discount rate is con- 
ceptually straightforward. We also assume that 
storage is a constant cost industry, and we abstract 
from convenience yields associated with stockhold- 
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ing. Intertemporal arbitragers seek to maximize ex- 
pected profit and are risk neutral.! They may, there- 
fore, be expected to store in such quantity as to 
drive their expected profits to zero. The following 
familiar conditions emerge: 


(c E(Prill > 0) = P, + T, 
(5) EPa = 0 = P T, 


where T equals the constant average cost of stor- 
age. Equations (1)-(5) form the equilibrium system 
to be analyzed. They define-two distinct ways in 
which P, may be determined. 

We assume that all expectations, whenever 
formed, are rational in the sense of Muth. Since the 
carryout from period t may be zero or positive, the 
expected price in period t, formed at t — 1, may be 
expressed in probabilities and conditional expecta- 
tions as follows: 


(6) 
E(P.) = DE (Pd -0)-(1— p)Em (Pil > 0), 


where p is the probability that J, equals zero. To see 
the economic significance of (6), define Z, = U, — 
V,. For sufficiently large values of Z,, demand is 
great relative to supply. Storage does not occur, 
and price and output in period t are determined by 
production and demand. Under these circum- 
stances, J, = 0, and the rth market is not linked to 
future markets. Alternatively, for sufficiently small 
values of Z,, demand is weak relative to supply. 
Storage occurs, and price, consumption, and carry- 
out in period t are determined not only by produc- 
tion and the demand for immediate consumption 
but also by the arbitragers' demand for storage. We 
postulate a critical value for Z,, Zt, such that for 
Z, 2 Zi, I, = 0 and for Z; < Ze, I; > 0. An algebraic 
expression for Z,, will be developed later. The 
probabilities appearing in equation (6) are functions 
of Ze. Specifically, 


p =f FZ94Z, - 
Zte :- $ 


where f(Z,) is the probability density function for 
Z,. In what follows we use conditional expectations 
defined as ] 


EA = = Ze) = E Z KZd [p 


(EGG < Ze) = | ztoszra - p) 


Two alternative structural models are implicit in 
the above system. One is when Z, =-Z,,; the other 
is when Z; < Ze. Each of these models is' analyzed 
separately. Then they are joined together with 
equation (6). 


! As Holthausen and: Feder, Just, and Schmitz have recently 
shown, the assumption that market agents base their decisions on 
expeoted prices, as if those prices were known with certainty, is 
much more plausible in the presence of futures markets than in 
their absence. . 
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If Z, = Ze, then J, = 0 and price in period / is 

determined by production and the demand for con- 

sumption. We use equations (1)- (3) to solve for P, 

and then find the appropriate conditional expecta- 

tion of P,. This yields 

o P= [ay - 
200 


ES BEL (P.) — lm + Z). 


(8) E; (P4Z, ze Zic) 


= ~ [a — Bo 
a B.E, (Pt) 


Note that E, ,(PjZ, 2-Z,.) equals E,_,(P,, = 0), as 
shown on the right-hand side of equation (6). 

Turn next to period t + 1, noting that J, = I5, = 0. 
Therefore, (3) reduces to D,,, = Su, and, using (1) 
and (2), we can solve for P,,,. Finding the appropri- 
ate conditional expectation of P,,, at t yields 


= Ty + Ea ez]. 


a — Bo 


Ti a + By 


E,(Pr|Z 2- Zt) = 


Next note that if Z, = Z from (7), Z,, can be 
written in terms of a critical price P, 


(10) Ze = By — ao + Iia + BE G00 + a P, 


where P,, is a critical value for P,. If P, < Pie, then 
I, > 0, and if P, =- P, then J, = 0. 


The Case of a Positive Carryout from Period t 


If Z, < Ze, then 1, > 0, and we have from (1)-(3) for 
period t 


QD =-= 


We view (11) as the supply for storage because it 
shows the amount from current production avail- 
able for storage at alternative prices in period t. 
This relationship is similar to the excess supply 
function used by Samuelson for spatial and tem- 
poral models assuming certainty.” 

In order to obtain the demand for storage, we 
write (1)—(3) for period t + 1, solve for Z, and take 
the expectation of J, conditional on Z, < Ze. This 
yields 


(12) i= " — Bs — (a + B EKP us|Z, < Ze). 


Making the appropriate substitution from (4) we 
have 


03) I, = æ- 


Qo + BEL (Pe) + œP, + Ia -— Z 


Bo - (a ot By)P, m (o + BJ)T. 


? The relationship given by (11) is not to be confused with 
Working's storage supply curve. Within our model, Working's 
curve may be construed as a locus of points generated by the 
intersection of the supply for storage as derived above and the 
demand for storage as shown in equation (13). : 


268 May 1982 


Equation (13) may be viewed as a demand for stor- 
age because it shows how much arbitragers will 
want to commit to storage at various current prices. 

The supply and demand for storage, equations 
(11) and (13), respectively, can be used to solve for 
P, and 1, as follows: 


(14) P, > ja 4 & LE [2(& — B) 
Tey — (a + BDT — BE (Pi) + Z], 
5) L= scat Bi (ao — Bi) 


+ (a, + Bi) (BEP) + 1, — oT —- Z,)]. 
The expectation of P,, which is now conditional on 
Z, < Lie, yields 


(46) Ep s(PilZ, < Zie) = [2(os — Bo) 


XE tf 
"e BEL (P0) — hey - (a + B)T 
+ ELA, < Ze)]. 


Turning to period ¢ + 1, we write (1)-(3) for 
period ¢ + 1, substitute (15) into (3), thus getting rid 
of I,. Finding the expectation of P,,, conditional on 
Z, < Zie yields 


Q7) E(Quz«z)- [2(@ — Bo) 


2a + f, TE 
— BiE (P) — Ia + Z + aT]. 


Solving the System for Expected Values 
of the Endogenous Variables 


We can now bring together the various strands of 
our argument to show how intertemporal solutions 
can be obtained. First, we use equations (6), (8), 
and (16) to obtain a relationship between Z,, and 
E, ,(P,) as follows: 


(8 E (P) = RT 


1 pla + &) to La 
2a, pfi a, + fi 


+ (1— p)aT+ (1- pE (ZZ, < zol. 


Derivation of this result takes advantage of 
pE (ZZ = Ze) + üu- p)E (ZdZ: < Zie) = 0. 


Another relationship between Z,, and E, ,(P,) can 
be derived by finding the value of P,, in (10). From 
(5) and (9) we know that P, cannot be less than 
(P* — T), where P* = (a — By)/(a, + Bi). Next, 
let Pe > (P* — T). Since, according to (7), P, 
is a continuous upward sloping function of Z,, Z, 
could be lowered below Z,, without inducing stor- 
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age. This contradicts the definition of Z,,.? There- 
fore it must follow that 


Oo — Bo _ T. 
a, + B, 


This is an entirely plausible result since, at Pic, 
arbitragers can expect no profit from storage. How- 
ever, if P, falls below P,e by an arbitrarily small 
amount, storage becomes immediately profitable. 
Substituting (19) into (10) yields the following addi- 
tional relationship between Z,, and E(P}: 


(19) Pe = 


(20) 


EP) = LE + Ze- 
1 


Equations (18) and (20) form a two-equation system 
which can be solved for equilibrium values of Z,. 
and E,_,(P,). Once these solutions are obtained, 
values for E.,($), Em (Do), EL), E (Pa), 
E, (S44), and E, ,(D4,) can be readily determined. 
Importantly, 


E, 4j) = (0 — p)E..4Z, < Ze), and 


EL (Pot) = E i[pE (OZ; = Zi) 
+ (1 = pE(GzulZ, € Z)]. 


lı aT). 


The theory is determinate because knowledge of 
the system's parameters would allow expected val- 
ues of all endogenous variables for periods t and t + 
1 to be calculated. Variances of endogenous vari- 
ables also could be estimated. Comparing the re- 
sulting estimates of expected values and variances 
(especially of price) with those associated with zero 
storage would provide valuable insights into the 
role of storage industries in market economies. Es- 
timating expected producer and consumer sur- 
pluses compared to the zero storage case would also 
be instructive, 

The reasons for our earlier assertion that the 
Helmberger-Weaver results are consistent with ra- 
tional expectations only under restrictive assump- 
tions may now be clarified. Helmberger and 
Weaver assume the existence of a critical value of 
1,.,, say, Ig such that, for any 1, , 5 15, the expecta- 
tion of price in period t, formed at t — 1, depends on 
the assumption that J, = 0 and p = 1. However, Jn, 
= (a, + 8,)T. For example, if 7, , = 0, it can easily 
be shown that E. (Pi) = (as — Bo)/(a1 + B1). IE Tii 
> dla, then 4 > 0 and p = O0. Obtaining 
the expression for E,,(P,) in this case necessi- 
tates introducing demand and supply for storage. 
With these simplifying assumptions, Helmberger- 
Weaver avoided serious complications, but their 
model is not wholly consistent with rational expec- 


3 Both equations (7) and (14) express P, as linear functions of 
Z,. At their point of intersection, P, = P, as derived in (19). To the 
right of Ze, equation (7) is relevant. To the left of Z,,, equation 
(14) is relevant. Therefore, P, is a kinked but continuous function 
of Z,. 


Helmberger, Weaver, and Haygood 


tations. The question remains whether or not the 
resulting hypotheses have empirical validity. 


Comparative Statics of Storage 
under Uncertainty 


To this point, linear demand and supply functions 
were assumed. The form of the density function for 
Z, was left open. One way of proceeding is to postu- 
late a specific form of the probability density func- 
tion. The symmetric triangular distribution may be 
viewed as a rough approximation of several sym- 
metric distributions and is particularly amenable to 
analysis. Therefore, we assume 


= 0, Z, < -d 
— |Z, 
0) f(Z) 4 = 2-44, -dzxZ, xd 


= 0, Z >d. 
On this assumption, we can solve for p and 
E, a(Zi|Z, < Zi) as functions of Z,,. Equations (18) 
and (20) can then be reduced to a single cubic 
equation in Z,, as follows: 


d ai(2a, + Bi) 
WS V TO ER EB) E 


= 2 Og. + BDT = Bi + 4a Z 
B, | 1 B) 28, te 
NO ee ee 
teer = eee oo 


Equation (22) is a reduced-form relationship, The 
value of Z, (and also of p, which is a function of 
Ztc) depends on T and 1, ,. Using the rules of cal- 
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culus for implicit and composite functions, it can be 
shown that for ^d < Ze < d: 

















OL rc = (Zo, + Bx) <0 
oT 2a, + pf 
a _f{_ 1 ,|ZdY 8Z, 
aT =| a*@) or 
Q3 az, alat) o 
ol, , (a, + B1) Qo. + pi) 
ap _f 1 IZ 0Z,. 
3l... -[ go a up 
As storage costs increase, storage of production 


from period 1 becomes less likely; p increases and 
Ze falls. As the carryin, 7, ,, increases, it becomes 
more likely that 7, will be nonzero; p declines, and 
Z,, increases. Using the equations in (23), partial 
derivatives of the expectations of all endogenous 
variables with respect to T and J,_, can be obtained. 
These results are given in table 1. 

Most of the hypotheses summarized in table 1 are 
intuitively appealing. However, we are unaware 
that they have been given a rigorous derivation in 
the previous literature. For illustration, an increase 
in /,., causes expected prices in both t and t + 1 to 
decline. Expected consumption increases in both 
periods but expected production falls. 

A competitive market abhors a zero carryin. For 
example, consider the case where storage is prohib- 
itvely expensive—T is sufficiently large so that 
Zie  —d. If storage cost then falls, Zie will eventu- 
ally rise above —d, and storage will emerge. One 
effect will be a rise in the expected price in period t, 
stimulating expected production. At the same time, 
expected consumption will fall. The effect, clearly, 














Table 1. Partial Derivatives of Expected Values of Endogenous Variables 
Partial Derivatives with Respect to: 

Expected 
Endogenous Storage Cost Carryin 
Variables (T) Gc) 
E(P) à. C + a} <0 a (te - 1) <0 

Bi oT BiV oles 
E,.,(5) Bi FF) <0 B, aE) <0 

t-1 
E(D) -a ZEE) > 9 a EP) o 
oT 17 ahi 
(1- pa + Bı) aZe <0 (1— pla + Bi) _3Ze 
Ec) 2o, + Bi T 1+ By 9l. , oe 
(1—p) 932. 1- p) 9Z« 
(P. oe Me > ze p) e 
EPer) 2a, + B. oF 3a, + Bial, <0 
8E, 1 (Prt) 9E, (Pui) 

E, ($4) Ay Spo > 0 Pia E 

z 3E, (Puy) «0 m 3E, (P4) >0 
Ey (Dus) ie oT ii al, 
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is to establish an inventory for protection against 
possible scarcity in the next period. 


Implications 


These developments suggest both further theoreti- 
cal analysis and empirical research. Risk-averse 
behavior, the presence of futures markets, the ef- 
fects of exogenous shocks on price variance and on 
expected consumer and producer surplus, and gen- 
eralizations to include multiple products and the 
horizons beyond two periods are topics meriting 
further attention. 

Importantly, experimentation with a numerical 
example suggests that given the values for all pa- 
rameters, including those describing the probability 
density function, extension of the horizon beyond 
period t + 1 is quite feasible. The algorithm draws 
upon inventory theory as used in the work of Gus- 
tafson. Where the terminal period is £ + 2, for 
example, start with the last two periods, recogniz- 
ing that tlie expected values of the endogenous 
variables for these periods can all be expressed as 
functions of the carryin from period t. Selecting a 
sample of values for J, allows estimating the rela- 
tionship between E,(P,,) and J, statistically and 
then using this relationship in lieu of (12) in deriving 
the demand for storage in period t. The supply for 
storage is derived as in the development of equation 
(11). 

These theoretical results may help to answer em- 
pirically such questions as: Does private storage 
within a market ‘system characterized by uncer- 
tainty tend to stabilize or destabilize price and out- 
put over. time? Is economic efficiency increased, 
decreased, or optimized? What happens to produc- 
ers’ and consumers’ welfare? What are the effects 
of government storage programs which affect both 
price expectations and private storage decisions? 

Where good measures of expected prices can be 
found, such as futures prices, the supply equation 
could be estimated directly using ordinary least 
squares. The demand parameters could be esti- 
mated using two-stage least squares. Exogenous 
variables used in estimation could be impounded in 
constants a, and (jy. Analysis of the error terms in 
the supply and demand equations might allow an 
approximation of the probability density function 
for Z,. Such quantified models that pass validation 
tests might then be used to compare the full eco- 
nomic effects of competitive storage against alter- 
native government storage policies.* Only by apply- 
ing this or a similar research procedure to many 


` * The research procedure suggested here differs from that sug- 
gested by Peck. She writes (p. 127), ‘The relationship in Chart 1 
reflects the complex interaction of consumption demand (export 
and domestic) and storage demand. In a complete model, these 
demand curves should be estimated simultaneously." According 
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commodities will economists be able to provide 
support for generalizations about the temporal ef- 
fects of private and/or public storage decisions. 


[Received March 1981; revision accepted 
October 1981.] 
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to the theory presented here, if reliable estimates of the param- 
eters of supply for production and demand for consumption are 
available, then the demand and supply for storage may be de- 
duced; they need not be estimated. It should be emphasized that 
our results depend critically on equations (4) and (5). 


z 


Agricultural Price Supports and Cost of Production 


John R. Groenewegen and Kenneth C. Clayton 


The purpose of this note is to discuss the economic 
rationale for farm price supports and to illustrate 
how production costs can be used to establish 
them. In so doing; a classification of production 
costs is presented to provide the basis for establish- 
ing price supports in an economically justifiable 
manner. Thus, we challenge Pasour's view that 
*'the use of cost data as a basis for agricultural price 
supports is ‘economically indefensible’ '' (p. 244). 

Price supports can be based on production costs, 
but only if the costs of factors that are fixed in the 
short run are not directly included in the support 
calculations. These factors have economic costs 
and are captured in a residual. This view merely 
recognizes that economic rent is a price-deter- 
mined, not a price-determining, cost. 


Rationale for Price Supports 


Parity was the basis for price support until fairly 
recently for most commodities. The concept under- 
lying parity was to maintain purchasing power in 
the farm sector commensurate with that in the 
1910—14 period. While the concept was generally 
accepted, its measurement tended to be more prob- 
lematic. Parity price calculations did not account 
for powerful technological and structural shifts that 
occurred over time. As a result, parity prices and 
market prices often tended to diverge rather widely. 
For these reasons, the basis for price supports was 
changed from parity to cost of production in the 
1970s. 

The need for price supports stems from the mar- 
ket instabilities that agriculture faces and from un- 
matched changes in expenditures relative to re- 
ceipts. In the case of grains, for example, output 
price instability arises in today's economic envi- 
ronment because of capricious weather patterns, 
large but irregular market activity by some impor- 
ters, exchange rate movements, and insulationist 
trade policies. At the same time, expenditures on 
inputs escalate because of general price inflation 
and can command a larger portion of receipts. 


John R. Groenewegen is with the Marketing and Economics 
Branch, Canadian Department of Agriculture. Kenneth C. 
Clayton is with the Economic Research Service, U.S. Department 
of Agriculture. 

The opinions expressed in this note are those of the authors and 
do not necessarily reflect those of the Canadian Department of 
Agriculture or the U.S. Department of Agriculture. 

This paper benefitted from the comments of David Harrington 
and a Journal reviewer. 


The rationale for price support prices should be 
to allow immediate, or cash, expenditures to be 
met. In so doing, assurance is provided that the 
productive capacity in agriculture is maintained 
without traumatic adjustment. Price - supports 
should not provide owners of fixed agricultural re- 
sources the opportunity costs of these resources. 
The latter should come from the market. This point 
was discussed at'a U.S. Senate hearing in 1979, 
where a U.S. Department of Agriculture (USDA) 
official noted that the objective for price supports 
was to provide ‘‘necessary cash for current ex- 
penses" and a ''safety net protecting producers 
from the consequences of disaster level prices when 
supplies are in excess of market requirements." 
Although one may quibble that a short-run produc- 
tior expense for one firm may not be a short-run 
expense for another, the point to be made is that 
supports are not designed to maintain the expected 
opportunity costs of fixed resources. Instead, the 
Objective is to provide a cash flow to farmers when 
market prices deviate substantially and temporarily 
below trend. 

Price supports should not attract additional re- 
sources into the sector. This is the role of market 
prices. Rather, supports should prevent the unnec- 
essary exit of resources when market prices are 
temporarily depressed. Price supports should not 
preclude resource adjustment. They should assure 
that resources are not forced to adjust unnecessar- 


ily. 


Adjustment of Price Supports 


Establishing the initial level of a price support tends 
to be much easier than adjusting it. In today's eco- 
nomic setting, the level of a price support should be 
established below trend market prices. If the ratio- 
nale underlying the support is not adequately articu- 
lated and reflected in the adjustment scheme, then 
the adjusted supports over time may deviate sub- 
stantially from the intended goal. This was the prob- 
lem with the parity index since it did not adequately 
reflect economic well-being over time. The adjust- 
ment formula for target prices in the Food and 
Agricultural Act of 1977.also failed to adjust sup- 
ports adequately because the adjustments were 
based on lagged cost changes which did not reflect 
current conditions. Including lagged actual yields to 
reflect productivity proved to be inadequate, too. 
Support prices also may exceed trend market prices 
with an inappropriate adjustment mechanism. 
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Hence, the rationale for price supports must be 
quantifiable, and the adjustment mechanism should 
reflect economic considerations and not just ac- 
counting costs. 


A Production Cost Hierarchy 


Confusion often arises in discussions of production 
costs and price supports. At times, all costs are 
treated the same, although there usually is some 
recognition of immediacy (e.g., cash versus non- 
cash costs). Sometimes costs are computed in an 
economic framework. However, these two catego- 
ries are rarely brought together. In this section, a 
cost classification is offered which does bring these 
categories together in a price support context. 

Production costs may be classified according to 
two schemes (a) purchased factor costs and eco- 
nomic rent and (b) cash and noncash costs. At the 
first level in this classification scheme, total costs 
are segmented into purchased factor costs and eco- 
nomic rents. Purchased factor costs are associated 
with variable inputs (e.g., fertilizer) as well as non- 
land physical capital (e.g., buildings and ma- 
chinery). Economic rent is the residual return to 
fixed factors, namely land and operator-manage- 
ment services. The residual is equal to the differ- 
ence between total receipts and purchased factor 
costs. Total costs, by definition, equal total receipts 
since economic rent is price-determined. 

At the second level of classification, cash costs 
are defined as immediate payments to fixed and 
variable factors. These include variable expenses 
(such as fertilizer, fuel, repairs, and hired labor), 
some overhead expenditures, land rents, land 
taxes, and some portion of the basic living expenses 
for the family unit. Noncash costs are incurred in 
the production period, but their payment can be 
postponed to subsequent periods (e.g., deprecia- 
tion on capital equipment). Noncash costs also in- 
clude current returns to fixed resources (land and 
operator-management services) above cash obli- 
gations. The addition of cash and noncash costs, by 
definition, equals total costs which, in turn, equal 
total receipts. (This analysis does not consider non- 
cash or equity returns that occur in agriculture. 
Hence, cash expenditures can exceed current re- 
ceipts when a producer invests heavily into an ap- 
preciating asset like land.) . 

Within this hierarchy, it is evident that economic 
rent has a cash as well as noncash component. The 
cash component of economic rent includes land 
rent, land taxes, land mortgage payments, and basic 
living costs that are apportioned to the production 
activity in question. The remaining portion of eco- 
nomic rent which does not have an immediate cash 
obligation is the noncash component. Similarly, 
some purchased factor costs, such as variable 
costs, are strictly cash expenditure items; whereas 
machinery costs, for example, have a cash expendi- 
ture (interest and principle payments) and a non- 
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cash component (depreciation allowances). These 
cost concepts are illustrated in table 1. 

Management has little control of cash expendi- 
tures during the production period. Besides 
liquidating, management has flexibility only in 
utilizing fewer variable inputs and thereby reducing 
associated cash expenditures. The cash obligations 
on the remaining purchased factors are fixed cash 
expenses as are cash obligations on specialized re- 
sources during the production period. The factors 
or inputs associated with these fixed cash expenses 
are responsible for the theoretical measurement 
problems of cost and price supports. 

Noncash costs directly affect the discretionary 
income available to management during the produc- 
tion period. Discretionary income is the difference 
between output returns and fixed plus variable cash 
expenditures. It can be used by management for 
savings, increased family consumption, firm 
growth, and replacement of depreciable items. In 
the short run, the production unit must maintain a 
positive discretionary income. If not, càsh obliga- 
tions could exceed cash receipts, and the farm 
could be forced to liquidate (unless the operator is 
able to borrow against the appreciated value of 
capital assets). 

In the longer run receipts must cover more than 
short-run fixed and variable cash expenses. The full 
cost of depreciable items must be covered if the 
production unit is to remain economically viable. 
Receipts must at least cover all purchased factor 
costs and the cash component of economic rent, 
where the latter are referred to as assigned costs, 
table 1. The difference between assigned costs and 
total receipts is unassigned economic rent. Unas- 
signed economic rent can be utilized by manage- 
ment just as short-run discretionary income.. 

Short-run solvency of the farm requires that dis- 
cretionary income not be negative. Viability of the 
farm in the long run requires that cash receipts at 
least cover costs assigned to the production unit. 


Price Supports Adjusted by Costs 


Our rationale for price supports is consistent with a 
support level that provides for cash expenditures 
contracted by management during the production 
period. For many producers, a significant portion of 
economic rent has a cash obligation which makes 
these producers extremely vulnerable to downward 
swings in economic rent. The latter results from 
declining receipts or increasing input expenditures. 
Consequently, covering cash production costs via 
supports requires that some portion of economic 
rent be covered. 

Variable cash costs can be supported directly 
since they are easily measured and not directly 
associated with resources unique to agriculture. 
However, cash expenditures for resources fixed in 
the production period cannot be supported directly 
because the supported expenses associated with 
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Table 1. Agricultural Production Cost Hierarchy and Discretionary Income 
Classification of Production Costs* Classification Classification 
Examples of Costs of Cost by 
By Cash of Cash by Management Contributes Management over 
By and and in the to Discre- a Number of 
economic By Noncash Noncash Production tionary Production 
costs Factors Costs Costs Period Income Periods 
Purchased Variable Cash Fertilizer Variable No Assigned costs 
factor costs expenditure cash expense : 
Machinery Cash Interest Fixed cash No Assigned costs 
paid expense 
Noncash' Capital Unassigned Yes Assigned costs 
consumption purchased 
: factor cost 
Overhead Cash Telephone Fixed cash No Assigned costs 
expense 
Economic Land Cash Cash rent Fixed cash No Assigned costs 
rent ` expense 
Noncash Return to Unassigned ` Yes Unassigned 
land economic rent economic rent 
Operator- Cash Required Fixed cash No Assigned costs 
management family expense 
consumption 
expenditure 
Noncash Return to Unassigned Yes Unassigned 
operator- economic rent economic rent 
management 


* Where total costs equal total receipts. 


economic rent could very well exceed the rent 
value that would occur without supports. If this 
occurs, supported economic rent effectively deter- 
mines price, and price supports become capitalized 
into agricultural assets—usually land. Economic 


rent then becomes price-determining and not. 


price-determined. 

Fixed cash expenses can vary substantially 
across producers and are almost impossible to mea- 
sure as a national average. Cash expenditures on 
land vary according to tenure status and acquisition 
date. In addition, family living expenses appor- 
tioned to a specific enterprise, e.g., wheat, depend 
on the size and type of farm and nonfarm enter- 
prises. Furthermore, cash expenses for capital 
items depend on the purchase date and outstanding 
capital debt. These fixed cash expenses, table 1, are 
mostly for resources that are fixed in the production 
period. Such items are virtually unique to each unit. 
Just as difficult to measure are opportunity costs of 
these resources which are unique to the owners 
(Pasour). 

Fixed cash expenditures are largely determined 
by the level of discretionary income in past produc- 
tion periods and/or the level of economic rent. That 
is, past output price is an important determinant of 
current fixed cash expenditures. For example, land 


values increase when short-run economic rent in- 
creases and buyers expect similar conditions to 
continue. In turn, higher land values increase the 
cash component of economic rent for producers 
who purchase additional land and for renters. This 
relationship between expenditures and past dis- 
cretionary income is illustrated by the relationship 
between agricultural asset values and returns to 
agriculture (Melichar) in combination with the 
sharp increase in voluntary farm transfers that oc- 
curred during the early 1970s when agricultural re- 
turns increased substantially (USDA 1980, tables 
597 and 608). 

These fixed cash expenditures can be supported 
in relation to the income available to offset them— 
receipts minus variable cash expenditures. This is 
discretionary income available for fixed cash ex- 
penditures. Price supports can simply be set equal 
to projected variable costs plus some percentage of 
a moving average of receipts minus variable cash 
expenses. Algebraically, this price support scheme 
can be expressed as 


t-1 
(i) PS,» VCP - [K Y (P, - VC) x 25], 
ict-4 


where PS, is price support for crop year t; VCP is 
projected variable costs for crop year t based on 
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trend yield; P,, season average price in crop year 
i (t = 4 for illustrative purposes only); VC, actual 
variable expenditures in crop year i; and K, the 
proportion of past discretionary income available 
for fixed cash expenditures, a constant.’ 

Past receipts and variable costs preserve the 
market relationship between output price and eco- 
nomic rent. The adjustment procedure reflected in 
the second term of equation (1) assures that sup- 
ported cash expenditures for specialized resources 
will not exceed the trend rent that would occur in 
the absence of price supports. Because this term is 
a moving average, the support scheme has an im- 
plied sunset clause which temporarily protects 
higher fixed cash expenditures resulting from higher 
past prices which induce replacement investment 
and farm expansion. In addition, when income 
available for fixed cash expenditures declines, the 
support scheme does not allow agricultural re- 
sources to be valued higher than without the sup- 


! The Western Grain Stabilization program in western Canada is 
similar to the concept embedded in equation (1). The program 
assures participating producers that average net cash flow (gross 
cash receipts minus cash operating costs) does not fall below the 
previous five-year average net cash flow—i.e., K — 100. Addition- 
ally, the program is based on cash flow for a region, and it is not 
crop-specific. 
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port. This adjustment procedure virtually precludes 
capitalization of price supports. 

Table 2 illustrates the use of these concepts as a 
basis for price support. Actual and projected vari- 
able costs for corn and wheat are shown in the first 
two columns of table 2. Season average prices are 
in the third column.? The difference between the 
first and third column is discretionary income avail- 
able for fixed cash expenditures and is shown in the 
fourth column. The moving four-year average of 
discretionary income available for fixed cash ex- 
penditures is shown in the fifth column of table 2. 

Column 6 illustrates the computed price support. 
Jt is the projected variable costs for the year plus 
5096 of the previous four-year average of discre- 
tionary income available for fixed cash expenses. 
Fifty percent was employed in this illustration be- 
cause, at the national level, USDA farm income 
statistics indicate that 42% to 50% of discretionary 
income available for fixed cash expenditures was a 
cash obligation in the 1977 to 1980 calendar years 
(USDA 1981, table 3).? 


? Variable costs and season average prices in table 2 are based 
on USDA data. 

? Using table 3 in the USDA publication, discretionary income 
available for fixed cash expenditures is defined as cash sources 
minus cash uses on intermediate product expenses. 


Table 2. Price Supports for Corn and Wheat Based on Variable Cash Expense Plus a Moving 
Average of Discretionary Income above Variable Costs 





Price Supports 


Projected Variable 
Cost Plus K96 of 








Average Average Discretio 
Discretionary Discretionary Income y eor sica 
Income Income Available Fixed Cash 
Available for Fixed Cash Expenditures? 
- Actual Projected Season for Fixed Expenditures for §=—————~--———_ Actual 
Variable Variable Average Cash the Preceding K=50% K=65% Loan 
Crop Costs Costs Price Expenditures: Four Years — Rate 
Year (1) (2) (3) (4) (5) (6) (7) (8) 
ego ocr ne ne ee eee eee ($/bushel) ---------------------------------- 
Corn 
1974 1.12 — 3.02 1.90 — 
1975 1.06 — 2.54 1.48 — 
1976  ' 1.07 — 2.15 1.08 — 
1977 1.09 — 2.02 .93 — 
1978 .98 1.08 2.25 1.27 1.35 1.76 1.96 2.00 
1979. 1.03 1.12 - 2.52 1.49 1.19 1.72 1.89 2.10 
1980 1.51 1.42 3.20 . 1.69. 1.19 2.02 2.19 2.25 
1981 1.57 1.57 — — 1.14 2.24 2.44 2.40 
Wheat . 
1974 1.28 — 4.09 2.81 — 
1975 1.39 — 3.56 2.17 — 
1976 1.46 . — 2.73 1.27 — 
1977 1.34 — 2.33 .99 — 
1978 1.24 1.38 2.98 1.74 1.81 2.29 2.56 2.50 
1979 1.39 1.39 3.82 2.43 1.54 2.16 2.39 2.75 
1980 ` 1.86 1.81 4.00 2.14 1.61 2.62 2.86 3.00 
1981 2.13 2.13 — — 1.82 3.04 3.31 3.20 


* Season average price minus variable costs. 
> See the formula in equation (1). 
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The computed price supports with K = 50% are 
lower than the actual price supports for the past 
four years, columns 6 and 8 of table 2. The 1978 
corn and wheat loan rates of $2.00 and $2.50 per 
bushel, respectively, were established by the Food 
and Agricultural Act of 1977. Using the proposed 
support adjustment mechanism, the actual loan 
values for the remaining years suggest K's equal to 
68% for corn and 62% for wheat. 

Support prices for corn and wheat which cover 
65% of past discretionary income available for fixed 
cash expenditures are presented in column 7 of 
table 2. These prices for 1978-81 provide support 
comparable to that established by legislation. Sup- 
port prices using the adjustment procedure of equa- 
tion (1) are close to actual loan rates, except for 
1978. In that year, the discretionary income avail- 
able for expenditures on fixed factors decreased 
from the 1977 level. 

The mechanism being proposed ensures that, for 
the average producer, cash expenses in the produc- 
tion period are covered by supports. In fact, with 
K = 65%, more than current cash obligations are 
supported according to the aggregate income statis- 
tics. In this situation, additional resources may be 
attracted into agriculture. However, the support 
scheme proposed does not ensure that the cash 
expenditures on newly acquired resources are fully 
covered. 

Given the cash flow rationale that we attribute to 
price support policy, production costs can be used 
to establish price supports in an economically de- 
fensible manner. To do so requires making a dis- 
tinction between purchased factor costs and eco- 
nomic rent. It requires recognition of the residual 
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nature of economic rent, and that there are cash 
expenditures associated with economic rent. The 
irreconcilable measurement problems of fixed re- 
source costs and depreciable capital items is 
avoided, and it does not. result in capitalization of 
price supports. The illustrated support mechanism 
assures the average existing producer coverage of 
at least fixed and variable cash expenditures and is 
designed to smooth the process of resource adjust- 
ment. 


[Received June 1981; revision accepted November 
1981.] 
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Rail/Truck Competition for Grain Traffic in Minnesota: 
Implications for Rate Making 


Gregory H. Michaels, Richard A. Levins, and Jerry E. Fruin 


The simplest model of railroad rate making is that 
trucks are more cost-efficient for short hauls and 
railroads for long hauls. Unfortunately for the rail- 
roads’ market share, the ‘‘long’’ haul gets longer 
with each new round of rate increases. This has 
been particularly true for grain traffic in Minnesota. 

In this paper, an analysis of rail/truck competi- 
tion for Minnesota's grain traffic is presented. It 
suggests a reconsideration of the long- and short- 
haul categories normally assumed for railroads and 
trucks since railroads are being granted more 
rate-making discretion. We argue that the annual 
rail volume generated by various areas is at least as 
important as the route length within those areas in 
determining transportation costs for bulk commod- 
ities. Both distance and volume must be considered 
in rate implementation to avoid distortions in mode 
selection. 


Trends in Grain Rates 


The first task is to examine single-car rail and truck 
rates in effect for Minnesota grain and soybeans 
during 1970—79. In this period, both railroad and 
truck rates for grain and soybeans were regulated. 
(Although motor carriage of grain and soybeans is 
exempt from interstate rate regulation, minimum 
rates for intrastate movements have been regulated 
by the Minnesota Public Service Commission since 
1970.) 

A county-by-county comparison of truck and 
single-car railroad grain rates for 1970—79 was made 
using railroad and truck rates for the years 1970, 
1973, 1975, 1977, and 1979. Rates were collected for 
soybeans and corn (both are the same) from the 
seat of each of sixty-nine grain-producing counties 
to Minneapolis. The point of using this simplified 
transportation pattern was to highlight rate struc- 
ture changes. Minneapolis is a major, but not the 
only, destination for intrastate grain shipments. 

In 1970, the first year in which both railroads and 
trucks were regulated in Minnesota, the two were 
strongly competitive for grain traffic. Thirty of the 
sixty-nine counties had single-car rail rates to Min- 
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neapolis lower than corresponding truck rates, and 
eighteen counties had less expensive truck rates. 
Truck and rail rates to Minneapolis from twenty- 
one counties were identical. 

In 1973, the year of the Arab oil embargo and the 
first round of recent fuel price increases, railroads 
continued their domination of short-haul grain 
rates. Truck rates rose faster than rail rates during 
1970—73. In 1973 only eight of the sixty-nine coun- 
ties showed a definite advantage for trucks. Three 
counties had equivalent rail and truck rates, and the 
remaining fifty-eight counties showed a definite ad- 
vantage for rail. | . 

Only two years later, the situation was com- 
pletely reversed. No county had a definite rail rate 
advantage, sixty-six would have been better off 
using trucks, and three counties had equal rail and 
truck rates. Truck rates increased during 1973-75, 
but railroad rate increases during those years were 
much sharper.. By 1977, no county showed a 
single-car rail rate to Minneapolis lower than the : 
competing truck rate. This remained unchanged in 
1979. : 

"The rail and truck rates were regressed against 
distance using ordinary least squares to obtain an 
estimate of the rate as a linear function of miles. 
The results, shown in table 1, provide insight into 
the decline of single car haulage in the study area. 
The ratio of the slope coefficients (which presuma- 
bly reflects relative per mile variable costs) be- 
tween the two modes remained remarkably con- 
stant throughout the study period, even though 
both coefficients approximately doubled. The 
change in intercept (which should reflect that 
traffic's contribution to fixed cost) shows a much 
different picture, especially for the 1973-79 period 
of rapid rail decline. The truck intercept declined 
slightly, while the rail intercept nearly tripled. 


Spatial Distribution of Grain Production 


As the intercept of single-car rail rates increases 
relative to truck rates, trucks capture business over 
longer and longer hauls. However, the total busi- 
ness lost by the railroads depends upon the spatial 
distribution of grain production. To understand bet- 
ter the implications of the change in rate structures 
presented in the previous section, the spatial dis- 
tribution of grain production in the study area, and 
consequent transportation volume potential, was 
examined. 
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Table 1. Single-Car Rail and Truck Grain 
Rate Functions in Minnesota 





Year 





Rate Equation R? 
1970 = 4.30 + .095 M* -997 
: (.0009) 
= 5.35 + .088 M .899 
(.0036) 
1973 -= 9,30 + .095 M .997 
(.0009) 
= 6.37 + .106 M .895 
(.0044) 
1975 T= 8.96.12 M .997 
(.0011) i 
R = 13.16 + .125 M .813 
UN (.0073) 
1977 T= 8224.15M .997 
(.0015) f 
R= 14.31 + .137 M .818 
(.0079) . 
1979 T= 8.824 18M .996 
(.0021) 
R = 17.33 + .161 M .807 
(.0096) 





a M is highway miles from county seat to Minneapolis, T is truck 
rate (g/cwt.), and R is rail rate (g/cwt.); standard errors are in 
parentheses; equations were estimated for respective years using 
data for 69 Minnesota counties. Data sources are lísted in 
Michaels, Fruin, and Levins. 


The sum of the 1970-79 average soybean produc- 
tion and one-half of the 1970—79 average corn pro- 
duction was calculated for the counties in the study 
area. Only one-half of the corn crop was included to 
reflect the relatively large proportion of Minneso- 
ta's corn production that is used on-farm. These 
production figures are shown in table 2. Since a ton 
produced a short distance from markets translates 
into fewer ton miles than one produced farther 
away, the production of each county was multiplied 
by its distance from Minneapolis to obtain a ton- 
mile traffic volume potential indicator. Those 
figures, which are also shown in table 2, are the 
ones of most interest here. 

Production within a range of 0-60 miles from 
Minneapolis is relatively low. Since the distances 
are short, the volume potential of counties in close 
proximities to Minneapolis is also low. However, 


Table 2. Distribution of Corn and Soybean 
Production in Forty-Six Selected Minnesota 
Counties, 1970—79 Averages 





Miles from Transportation 
Minneapolis Production Volume 
È {1,000 tons) (1,000 ton-miles) 
0—60 978 39,768 
61-120 7,029 693,797 
121-180 3,536 538,818 
181-240 378 75,527 
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both production and-ton-miles are at their maxi- 
mum for counties in the 61—120 mile range rather 
than for counties at greatest distance from Min- 
neapolis. The volume potential of counties in the 
121-180 mile range is slightly less than the next 
closest range, and the production and volume po- 
tential of the most distant counties is quite low. 
Consequently, the result of the rising intercept in 
rail rate functions has been to drive rail transporta- 
tion out of the market in areas with large volume 
potential. The economic and institutional forces 
which combined to yield this result are examined in 
the following theoretical discussion. 


Theoretical Considerations 


A traditional model of rail/truck competition for 
traffic in a given commodity (figure 1) can be used 
to further analyze the decline of railroad grain haul- 
age in Minnesota. Both truck and rail rates are 
expressed as functions of distance hauled in this 
familiar graphic representation. It is assumed that 
variable truck costs are higher than those for rail- 
roads; hence, the truck rate line has a steeper slope. 
Railroads, on the other hand, are assumed to have a 
higher fixed cost (Martin and Dahl). Given these 
assumptions, the two rate lines which are presumed 
to reflect these cost differences cross at some dis- 
tance d,, short of which trucks have a rate advan- 
tage and beyond which railroads have the advan- 
tage. 

It is important to note that fixed costs relate to a 
time period and that the truck and rail intercepts in 
figure 1 express fixed costs on a per unit, not a total 
dollar, basis. There is an underlying assumption in 
the model that some particular number of units is 


RATE 





DISTANCE 
Figure |. Traditional model of rail / truck competition. 


Figure 1. Traditional model of rail/truck 
competition 
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hauled by each mode during some time period or 
else the intercept could not be determined, i.e., 
fixed costs per unit are necessarily based on esti- 
mates of the volume.that will be moved. Before 
pursuing this notion further, a brief digression on 
fixed costs and industrial structure for the two 
modes is in order. 

The substantial difference in fixed costs incurred 
by trucks and railroads consists largely of differ- 
ences in way and terminal costs. Railroads own and 
operate their roadbed and terminals, while grain- 
trucking firms operate on publicly owned and main- 
tained roads and do not require terminals. Through 
the mechanism of fuel taxes, most of the fixed costs 
of highway construction and maintenance are con- 
verted to a variable cost for the individual trucking 
firm. Larger administrative burdens also contribute 
to larger railroad fixed costs. 

Regarding industrial structure, trucking activities 
within a given market area are more atomistic than 
railroad activities serving the same area. In the face 
of a change in demand for its services, the trucking 
industry can, in time, adjust its size. Individual 
firms may enter or leave in the face of changing 
aggregate demand for trucking, thereby keeping the 
industry's total rolling stock at some appropriate 
size for efficiently handling the current demand for 
its services. Entry and exit also serve to adjust ' 
industry's aggregate charge for highway use since 
highway user fees are assessed through licenses and 
fuel taxes per truck. Thus, there are mechanisms at 
work which tend to tailor fixed costs to aggregate 
demand levels. The ''fixed cost per unit hauled,” 
i.e., the truck intercept in figure 1, can therefore be 
expected to remain fairly stable with respect to the 
demand for trucking services. 

The situation for railroads is quite different. 
Given time, they can, like the trucking industry, 
adjust their rolling stock to suit changing demands. 
But the public does not own and operate trackage 
and charge the railroad a fee based on current usage 
of that track. Rather, a railroad owns and operates a 
roadbed of given size, with little flexibility for ad- 
justing way costs as market shares change. Sub- 
stantial changes in roadbed cost reductions can 
come about only through the politically arduous 
task of abandonment proceedings. The railroads' 
total fixed cost is, therefore, less sensitive to 
changes in volume than is that of the trucking indus- 
try. A railroad will have a relatively low fixed cost 
per unit over a route of some given distance if 
annual volume over that route is high and a rela- 
tively high fixed cost per unit if volume is low. 

In figure 2 the assumption is made that rail rate 
lines R,, R}, and R; reflect cost lines corresponding 
to three annual volume levels, and that railroads are 
initially operating at rate R, with no truck competi- 
tion. If trucks enter the market with rate line T, 
point d, becomes the distance at which the competi- 
tive advantage changes between the two modes. 
The effect of this from the railroads' point of view is 
that the volume originating at distances less than d, 
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is lost to truck competition. Since the railroad can- 
not adjust its fixed costs and there are fewer units 


being shipped by rail, fixed cost per unit increases. 


A higher cost line results. 

The railroads now request a rate increase to R,, 
which supposedly reflects the new cost structure. 
But adopting R, causes the competitive break-even 
distance to move out to d}, and the railroads are 
forced to seek another rate increase to compensate 
for the additional lost volume. The resulting pro- 
cess of railroad retrenchment plausibly could con- 
tinue indefinitely; in the limit, truck transportation 
would entirely displace rail. In fact, this process is 
constrained by truck rate increases, rail line aban- 
donment, and the actual volume lost with each 
round of rail rate increases. This latter factor is 
dependent on the spatial distribution of potential 
traffic in the route service area. 

The argument presented here is consistent with 
the empirical findings of the Minnesota case study. 
As the break-even mileage crept outward, the rich 
grain'territory at relatively close distances to Min- 
neapolis shifted from railroads to trucks. The busi- 
ness for railroads was inadequate to cover fixed 
costs without large increases in the intercept of the 
rail rate structure. This, in turn, made trucks com- 
petitive at even greater distances. More rail busi- 
ness was lost, and the cycle continued with devas- 
tating effectiveness. Consequently, the ton-miles 
that would have been hauled by trucks if shippers 
only considered relative cost increased by a factor 
of six during 1973-79. 


Implications for Rate Making | 
The problems resulting from reduced fixed-cost 


coverage for railroads in the move from R, to R, in 
figure 2 could have been at least partially avoided if 


RATE/ 
UNIT 





DISTANCE 


Figure 2. Illustration of rail/truck competi- 
tion 


" 
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the railroads had raised rates to only those custom- 
ers situated beyond distance d,. The failure of rail- 


roads to discriminate rationally in rates between . 


short- and long-hauls has been due to several 
things. 

First of all, some legal constraints imposed on rail 
transportation by the Interstate Commerce Com- 
mission have conditioned the rate structure. While 
ICC regulations may permit differential pricing 
across commodities that is not deemed ‘‘unjustly 
discriminatory,” historically Section 4 of the Inter- 
state Commerce Act explicitly prohibited discrimi- 
nation by railroads between long- and short-haul 
rates for the same commodity, unless express per- 
mission was granted by the ICC (Harper). Second, 
because of the inherent controversies generated 
among users in setting multiple rates, railroads have 
found it administratively easier to petition for con- 
sistent rates and ex parte rate increases. Conse- 
quently, rail rates are petitioned for and set to con- 
form to the rate-distance model shown in figure 1 
even though railroads set different rates for differ- 
ent commodities based on value of service and 
other considerations. 

The rate model of figure 1 worked well enough for 
the circumstances under which it was devised, i.e., 
a lack of effective truck competition. Without 
trucks, the railroads faced an inelastic demand for 
their services in most cases, and the ‘‘rate gouging”’ 
which led to the formation of the Interstate Com- 
merce Commission (ICC) was a genuine threat. 
When railroads were judged by the ICC to be in 
need of increased revenues to offset increased 
costs, the usual flat percentage increases applied 
across the board served their purpose in an uncom- 
plicated way. 

The rise of the trucking industry has changed the 
workings of the cost-based rate-making philosophy 
which underlies both the model of figure 1 and the 
encouragement of across-the-board rate increases. 
For railroads, it is no longer only a matter of costs 
determining rates; it is also a matter of rates deter- 
mining costs through volume effects. As is shown in 
figure 2 and in the Minnesota case study, this 
"simultaneity" between railroad costs and rates 
can have significant effects on rail/truck competi- 
tion if it is not explicitly considered in rate making. 


Concluding Remarks 


In October 1980, President Carter signed the Stag- 
gers Rail Act into law. While railroad groups argue 
that the Staggers Act amounts to "'reregulation,"' 
the purpose of the legislation was to deregulate 
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gradually the rate-making process in the rail indus- 
try. Several features of the Staggers Act are particu- 
larly noteworthy in the context of this paper. The 
current law provides that the antidiscrimination 
clause of the Interstate Commerce Act does not 
apply to contracts, surcharges or cancellation of 
routes, separate routes for distinct services, or rail 
rates applicable to different routes. The minimum 
rate provisions of the Staggers Act also allow rail- 
roads to reduce rates to meet motor and barge com- 
petition, as long as rates are equal to or greater than 
variable cost. These provisions make it easier for 
railroads to discriminate rationally in rate setting 
between the short- and the long-haul. To the extent 
that railroads take advantage of these provisions, 
intrastate rail transportation activity in high vol- 
ume, short-haul markets should increase. 

There are, of course, many other factors, such as 
quality of service and grain storage capacity utiliza- 
tion, which affect mode selection. The competitive 
positions of railroads and trucks will be further 
influenced by recent changed in tax laws, the out- 
come of discussions for restructuring barge and 
truck rates, decisions on costs and capacity of river 
transportation, and consequent investment in and 
location of multiple-car rail facilities. Nonetheless, 
in areas where the density of grain production is 
sufficiently high, railroads may be expected to use 
their new rate-making freedom to make some in- 
roads against trucks. In these cases, economies of 
size in transportation will add impetus toward 
greater concentration in commodity assembly and 
transshipment. For regions where production is 
more sparse, trucks may still dominate over rela- 
tively long hauls. 
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The Effect of Electricity Prices, Lift, and Distance on 
Irrigation Development in Idaho | 


Joel R. Hamilton, Gary S. Barranco, and David J. Walker 


Irrigated agriculture in southern Idaho dates from 
the 1840s when pioneers first tapped the Snake 
River and its tributaries. Reclamation of land bor- 
dering the rivers spread to become the base of a 
food production and processing industry which 
today is the backbone of the southern Idaho econ- 
omy. About 3.8 million acres of Idaho land are now 
irrigated, and nearly 8 million more have soils and 
slopes amenable to irrigation (Idaho Water Re- 
source Board). There is growing interest in the po- 
tential for, and consequences of, continued irriga- 
tion development in the Pacific Northwest. The 
Northwest Agricultural Development Project re- 
cently completed a major study of these issues. The 
U.S. Bureau of Land Management (BLM) has pub- 
lished an environmental statement concerning a 
proposal to allow development of a large tract of 
public land in southwest Idaho. While generally 
favorable crop prices have stimulated farmer and 
investor interest, sharp increases in electric rates 
have caused concern among both existing and po- 
tential irrigators. f 

The better and more easily developed land natur- 
ally was irrigated first. Development of the remain- 
ing land, much of it high benchland above the Snake 
River, would require high lift pumps and long ca- 
nals or pipelines to carry the water. Because of farm 
size limits in existing laws governing irrigation de- 
velopment, projects usually consist of a number of 
separate farm units with a common pumping plant 
to lift water from the river. One new project has 
over 20,000 acres and three pumping plants totalling 
55,000 horsepower to lift the river water 600 feet. 

Recent literature on irrigation development fo- 
cuses on social returns from irrigation projects 
(Young; Martin; Stoevener and Kraynick; and 
Long, Nelson, Potratz). If net social benefits can be 
realized, committing public resources to irrigation 
projects is justified. The BLM "''Organic Act" 
charges that agency with weighing the public inter- 
est in disposing of public land for private use. Since 
irrigation developmerit requires the use of private 
resources, the factors which affect private profit- 
ability will be important determinants of the extent, 
timing, and location of new irrigation. In addition, 
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private returns are an important component of the 
social benefits from an irrigation project. ; 

Procedures now being used by the BLM to assess 
development applications focus almost exclusively 
on private economic feasibility, ignoring wider so- 
cial costs and benefits. It is likely that the BLM's 
private economic feasibility criterion overstates the 
net social benefits of development because of the 
high cost of using thermal power plants to generate 
the electricity for running the pumps and to replace 
hydropower lost when water is diverted for irriga- 
tion. A paper by Hamilton and Whittlesey outlines 
these energy issues which are important in the 
Pacific Northwest. 

Conversely, the private economic feasibility cri- 
terion (as currently interpreted by BLM) under- 
states the feasibility of private development be- 
cause it ignores a range of financial development 
incentives including investment tax credit; tax 
treatment of interest, depreciation, and capital 
gains; and the chance to acquire cheap federal lands 
whose market value will continue to appreciate. 
BLM's omission of these incentives recognizes that 
tax incentives are transfers and do not reflect eco- 
nomic productivity of the proposed development. 

This article uses parametric budgeting to simulate 
the impacts of variations in farm size, crop prices, 
crop yields, electricity rates, lift height, and dis- 
tance from the river on the private economic feasi- 
bility criterion currently being used by the BLM. 
Maximum feasible lift heights and carry distances 
are identified, and developable acreage is estimated. 
Using the criterion chosen by BLM, the acreage 
selected for development would exceed that which 
meets a social feasibility test because of the ignored 
social development costs. At the same time, the 
BLM approved acreage would fall short of meeting 
the development demand based on private financial 
accounting criteria. Since the BLM is using this 
compromise between a strict social and private ac- 
counting, some idea of the acreage which might be 
developed under this test is of considerable inter- 
est. 


Simulation Procedures 


Costs for owning and operating irrigation facilities 
were based on the use of sideroll sprinklers since 
they are currently, and probably will remain, the 
dominant system in the area covered by the BLM 
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environmental statement. Specifying these costs so 
as to allow later parametric variation of power 
rates, lift, and distance means that a set of typical 
facilities rather than site-specific facilities had to be 
used. A hypothetical project containing 7,238 irri- 


gated acres on benchland 550 feet above and 5 miles . 


from the river was chosen as a benchmark. Typical 
pumping and application facilities were specified for 
the base system, and as parametric variables were 
changed from this base, required hardware changes 
and consequent cost changes were computed. 

A computer program was developed to calculate 
required pumping horsepower and electricity use 
and cost. Calculations were based on monthly 
water needs for a typical crop rotation, and on 
irrigation efficiency, pump and motor efficiencies, 
lift and distance, sprinkler operating pressure, elec- 
tric rate schedules, and pump-scheduling assump- 
tions. Under base conditions, 18,000 horsepower 
would be needed for the primary lift and 6,270 
horsepower would be needed at booster pumping 
stations to distribute water and pressurize 
sprinklers. Estimated costs (using 1978 prices) for 
pumping and delivery facilities for the base run are 
summarized in table 1. These approach $7.5 mil- 
lion, or $1,031 per irrigated acre. Spread over 7,238 
irrigated acres and amortized at 8% for twenty-five 
years, this is $96.62 per acre per year. Sprinklers 
were assumed to come in replicates for 160 acres 
with 154 acres actually irrigated. An initial cost of 
$46,500, a 10% salvage value, and a twenty-year life 
resulted in annual on-farm system costs of $54.45 
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per irrigated acre. For the hypothetical base case, 
the computer program estimated power costs of 
$56.92 per irrigated acre using 1978 electric rates. 
The remaining cost item was $9.10 per irrigated 
acre for operation and maintenance of pumping and 
water distribution facilities. Total irrigation 
facilities and electricity costs for the base run were 
$217.09 per irrigated acre per year. 

Returns were based on budgets prepared using 
the Oklahoma State Budget Generator (Walker and 
Kletke). Crop prices were an average of 1974-77 
prices, and costs reflect 1978 conditions. Yields 
typical for class I and II soils in the study area were 
chosen. Three farm sizes—320, 640, and 960 
acres—were selected as representative operating 
units under the acreage limitations imposed on pub- 
lic land disposal. The assumed rotation consisted of 
half wheat and half potatoes for the first five years, 
then equal parts of potatoes, wheat, and dry beans 
in later years. This rotation corresponds closely to 
actual practice in the area and to the rotation ana- 
lyzed by BLM in their environmental statement. 
Table 2 shows net returns per acre for this rotation 
before subtracting cost of land, electric power, and 
costs of operating and maintaining water pumping 
and application systems but after subtracting farm 
overhead, owner labor, and an allowance for risk 
and management. The time stream of uneven re- 
turns was converted to a uniform stream of an- 
nualized equivalent returns using a twenty-five-year 
planning horizon and an 8% discount rate. The size 
economies evident in table 2 are due primarily to 














Table 1. Annual Costs of Irrigation Facilities and Power for the Base Run 
Total Cost Annual Cost per 
to Project Irrigated Acre 

Project pumping and delivery system wre eee (Jenina 

River pumping plant 1,783,720 

Penstock 1,493,484 

Booster pumping plants 583,562 

Pipelines and farm turnouts 2,003,058 

Regulating reservoir 188,473 

Farm maintenance roads 427,556 

Land preparation 139,590 

Operation and maintenance equipment 150,913 

Electric power delivery facilities 495,000 

Other preproject costs 200,000 

Total cost- 7,465,356 96.62 

On-farm application system 

Interest on average investment 16.61 

Taxes on average investment 116 

Straight-line depreciation 13.59 

Insurance on average investment 1.00 

Repairs 7.51 

Irrigation labor 14.58 

Total cost 54.45 

Electric power costs : 56.92 
Project operation and maintenance costs 9.10 
Total irrigation costs 217.09 
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Table 2. Residual Annual Returns to Land per Irrigated Acre for the Base Run 








320 Acres 640 Acres 960 Acres 
Returns to land, power, 
and irrigation facilities © — ^  ---------------------- ($). -——euedcsc-hexenbssesocg 
First five years 319.45 333.72 344.74 
Subsequent years 251.38 274.83 283.18 
Level annualized return . 276.85 296.86 306.21 
Cost of power and 
irrigation facilities 217.09 217.09 217.09 
Residual returns to land 59.76 79.77 89.12 








the equipment sets selected. Larger farmers rely 
less on costly custom operations and make more 
efficient use of larger equipment items. Cost of 
power and irrigation facilities was subtracted from 
these net returns to give residual returns to land. 

. For development on public land, a nominal filing 
fee and grazing compensation are the only. land 
costs. The undeveloped land is now used for low- 
density grazing. Hence, some ‘‘lost’’ grazing re- 
turns are an opportunity cost relevant to the social 
evaluation of irrigation development. However, the 
rancher grazing the land is rarely the person con- 
sidering development. The Carey Act limits grazing 
compensation to a one-time, $6 payment per acre. 
Both grazing compensation and filing fees are part 
of the ‘‘preproject costs” shown in table 1. Without 
full compensation, any additional grazing opportu- 
nity costs are irrelevant to private development de-. 
cisions. Any project with positive residual return to 
land after covering all other costs was judged to be 
feasible. Under the base conditions (1974-77 aver- 
age crop prices, assumed yields, 1978 electric rates, 
550 feet of lift, and 5 miles distance), all three farm 
sizes passed this test of private feasibility. 


Sensitivity of Returns to Parameter Changes 


The easiest parameters to vary are crop prices and 
yields. The assumed rotation gave a level annual 
equivalent gross return stream of $642.55 per acre. 
A 10% increase in either yield or price would raise 
this gross by $64.25. Since costs would be un- 
changed, residual returns to land would rise by 
$64.25. A price or yield decline of just under 10% 
would make the 320-acre farm size infeasible, while 
larger farms could endure reductions somewhat 
larger than 10%. Although crop prices are notori- 
ously difficult to predict, the 1974-77 average 
prices and 1978 costs used in the base run seem to 
fairly represent the likely long-run relative levels of 
costs and prices. 

‘Yields in the base run may be optimistic. They 
were based on five feasibility studies for projects in 
the study area and Soil Conservation Service esti- 
mates of yield capability.‘ The BLM environmental 


! The unpublished feasibility reports were prepared by engineer- 
ing consultants hired by the project backers. The reports had to 


statement used yield estimates which averaged 9% 
below those used in the base run. Hence, results 
using base yields should be viewed as defining the 
outer limits of feasibility. 

Parametric variation of electric rates followed a 
similar logic. Base-run electricity costs were $56.92 
per acre. A 50% increase in both the energy charge 
and capacity charge elements of the rate schedule 
would boost costs and reduce residual returns to 
land by $28.46. All three farm sizes could endure a 
100% rate increase, while the 960-acre farm alone 
remains feasible after a 150% increase. The 1978 
electric rates used in the base run resulted in an 
average power cost of 1.5¢ per kilowatt hour. As 
load growth shifts the Pacific Northwest from 
heavy reliance on cheap hydroelectric power to 
more expensive thermal power, rates for Idaho ir- 
rigators are certain to rise toward the 4¢ to 6¢ per 
kilowatt paid by farmers in other parts of the coun- 


When lift height or distance from river are 
parametrically varied, the computer program calcu- 
lates the new electricity cost and the change in 
pumping horsepower needed to meet the altered 
pumping requirements. The incremental cost of 
motors, pumps, penstock, closed delivery pipe, and 
associated facilities must be computed. With all 
other parameters at base levels, all farm sizes are 
feasible at 900 feet, the highest lift used. Likewise 
all farm sizes are feasible up to at least 10 miles 
from the river. Although the 900-foot and 10-mile 
figures may seem extreme, BLM is studying higher 
and more distant areas for possible irrigation devel- 
opment. . 

To appreciate the effects of the parametric vari- 
ables, it is useful to vary jointly lift, distance, and 
rates, while price and yield are held at base levels. 
Results are shown in figures 1-3, where each X 
corresponds to a given lift, distance, and farm size. 
Feasible X's are located below. and to the left of 
boundary lines which correspond to parametric 
electric rate levels. For example on a 640-acre farm, 
a 100% rate increase would leave farms 3 miles 





meet standards of credibility imposed by the Idaho Department of 
Water Resources and are now on file with IDWR. The proposed 
projects include Crane Falls, Indian Hills, Skyles, Narrows, and 
Bennet Mountain. SCS yield estimates for the study area were 
provided in June 1978 by Soil Conservation Service personnel, 
Boise, Idaho. , 
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MILES FROM RIVER 
Figure 1. The effect of lift, distance, and elec- 
tricity rates on project feasibility for 320-acre 
farms 


from the river feasible if lift is 900 feet or less. 
Farms 5 miles away could lift water 750 feet. Those 
7.5 miles distant have a feasible lift of only 550 feet. 

This parametric procedure was used to evaluate 
the feasibility of irrigating lands identified in the 
BLM environmental statement, which lists devel- 
opable acreage in the study area by lift and distance 
(BLM, page A-61). Of 111,015 developable acres, 
108,381 have lifts and distances making them feasi- 
ble as 960-acre farms under base conditions. If 
640-acre farms were used, 107,453 acres would be 
developable, and 99,126 acres could be developed 


VERTICAL LIFT 





MILES FROM RIVER 


Figure 2. The effect of lift, distance, and elec- 
tricity rates on project feasibility for 640-acre 
farms 
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75 
MILES FROM RIVER 


Figure 3. The effect of lift, distance, and elec- 
tricity rates on project feasibility for 960-acre 
farms 


as 320-acre farms. As electricity rates increase 
above 1978 base levels, irrigation of more distant 
and higher lift lands is precluded, and total feasible 
acreage falls sharply (figure 4). If electric rates ap- 
proach levels paid by irrigators in other parts of the 
country, development of most land in the study 
area would be precluded. However, there is likely 
to be pressure for more development than approved 
since the BLM criterion understates private 
profitability. This development pressure will be ex- 
pressed even though the social feasibility of the 
development may not be demonstrated. 


Limitations of the Analysis 


An obvious limitation of the parametric budgeting 
procedure is its omission of financial and tax incen- 
tives which may accrue to some operators. How- 
ever, the purpose here is to model the criterion used 
by the BLM in evaluating development feasibility, a 
criterion which omits these incentives. 

The model is also limited by its partial equilib- 
rium nature. Figure 4 suggests that the acreage 
which can feasibly be developed decreases sharply 
with rate increases of 10075—20096. If higher power 
rates cause crop development to lag behind demand 
growth, crop prices will rise, improving the feasibil- 
ity of development. Such a simultaneous model is 
beyond the scope of this paper. 

This model did not allow for management options 
such as irrigation system alternatives Or crop 
changes in response to higher electricity prices. A 
model incorporating the full range of substitution 
possibilities would be formidable and costly to con- 
struct compared to the limited impact of these ad- 
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Figure 4. The effect of electric rate increases 
and farm size on feasible development acreage 
in the BLM study area 


justments on estimated feasibility. For example, 
improved irrigation efficiency would reduce the 
volume of water needed and cut pumping costs. 
Switching from sideroll sprinklers with an assumed 
70% irrigation efficiency to center pivot sprinklers 
at 80% efficiency would increase returns to land by 
only $1.57 per acre under base conditions and 
slightly more at higher elevations, greater dis- 
tances, and higher rates. 

As power rates go up, it is possible that less 
energy-intensive application systems may be 
sought. These include options such as automated 
gated pipe and pumpback systems, which substitute 
water, capital, and labor for energy. These two 
options typically have water application efficiencies 
less than or equal to sideroll sprinklers, meaning 
that as much or more water must be pumped from 
the river to the field. With sideroll sprinklers under 
base conditions, 71% of project electricity was 
used by primary lift pumps and only 29% by the 
on-farm application system. The proportion con- 
sumed by primary lift would be even higher as more 
distant and higher elevation lands are considered. 
Under such cireumstances, on-farm energy savings 
would have little impact on total energy costs. On- 
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farm savings could even be offset by increased 
pumping costs if application efficiency is impaired 
requiring more water to be pumped. Unless applica- 
tion system changes also save water, their effect on 
feasibility of high lift development will be minimal. 

Potatoes have the highest water requirement of 
crops in the rotation. While deficit irrigation may 
have potential value for grains, the yield and quality 
declines which result for potatoes make this an 
unlikely method to save water or energy. Because 
potatoes are the highest value crop in typical rota- 
tions, development is infeasible if they are ex- 
cluded. Therefore, significant changes in crop rota- 
tion to save water and energy in the face of higher 
energy costs are unlikely. 


Conclusions 


'The model outlined in this paper gives a reasonable 
partial equilibrium simulation of the impact of criti- 
cal parameters, such as crop prices and yields, elec- 
tricity rates, lift height, and distance from the river 
upon feasibility of high lift irrigation development in 
southwest Idaho. Results indicate that per acre re- 
turns on irrigated tracts increase slightly with farm 
size. Under base conditions, all farm sizes exam- 
ined could sustain nearly a 1096 decline in crop 
price or yields. Given the base lift, 550 feet, and the 
base distance, 5 miles, all farm sizes considered 
could sustain a 10096 increase in electric rates. 
However, with a 200% power rate increase, irriga- 
tion feasibility would be limited to the largest farms 
with lifts less than 550 feet and distances less than 4 
miles. 

Of the lands in the BLM study area, all but the 
highest and most distant could be developed under 
base yields, prices, and power rates. However, 
plausible increases in power rates could limit de- 
velopment to low lift land near the river, sharply 
reducing the total feasible acreage. The criteria 
being used by the BLM would permit development 
of more land than meets social criteria but not 
enough to meet private demands. 

While the model developed in this paper and the 
conclusions derived from it are specific to the 
Pacific Northwest, the analytical approach has 
wider potential application. Moreover, the conclu- 
sions suggest responses that can be expected from 
energy-intensive agriculture in other regions as 
energy prices rise. 


[Received July 1980; revision accepted October 
1981.] 
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Price Specification in Milk Supply Response Analysis | 


Richard A. Levins 


During the 1970s, the Nerlove partial-adjustment 
model and the polynomial distributed lag model 
were often used in estimating milk supply response. 
Chen, Courtney, and Schmitz used a polynomial lag 
model to determine milk supply response in Cali- 
fornia with quarterly data. Hammond used both the 
Nerlove partial-adjustment model and a polynomial 
lag model with annual data to estimate milk supply 
functions for major U.S. producing areas. 

In a 1978 study of the California dairy industry, 
Milligan rejected both lag specifications in favor of 
direct estimation of lagged profitability parameters. 
A bimonthly series of data on profit margins was 
used. In this paper, direct estimation of milk supply 
response coefficients is applied to a situation in 
which annual data for milk prices, but not profit 
margins, were available. The case study of milk 
production in Mississippi for the 1960—78 period 
gives additional evidence that the compromises in- 
herent in specifying a priori patterns for lagged 
price parameters can be avoided if the parameters 
are estimated directly. 


A Mississippi Case Study 


During the past two decades, there was a general 
decline in Grade B milk production in Mississippi, 
but Grade A milk production remained relatively 
stable. Since Grade A milk accounts for almost all 
current production, only Grade A was considered 
in the analysis. 

Of course, several nonprice factors determine 
milk production. Results of analyses not presented 
here indicated that production costs and technolog- 
ical change were most important in the case study. 
Mississippi production cost data were not available 
for the entire period. Therefore, the price of 16% 
protein feed was used as a proxy, since recent U.S. 
Department of Agriculture (USDA) estimates show 
that feed costs accounted for 55% of total 1978 
production costs in southwestern Mississippi and 
southeastern Louisiana. A trend was used to reflect 
technological change. 

A linear model of Mississippi milk supply re- 
sponse was formulated as follows: 
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(0 Q =a + bP, + bP T... 
+ b,Pyn + c, FP, + Cot + U, 


where Q, is annual Grade A milk production (mil- 
lion pounds) in time ft, reported by Trammell; P, is 
the average price received for Grade A milk ($/cwt) 
in time f, as reported by Trammell and deflated by 
the producer price index; FP, is the price of feed 
($/ton) in time 7, as reported by the Mississippi 
Crop and Livestock Reporting Service and de- 
flated by the producer price index; ¢ is time, f = 
1960, . .. , 144 = 1978; a, b's, and c's are parameters 
to be estimated; and U, is an error term in time t. 
The expected signs for the coefficients of milk 
prices received are positive, negative for feed price, 
and positive for the time trend. 


Theoretical Considerations 


A price change will act in at least two separate ways 
to affect milk production. Short-run production 
changes can be made by culling herds and/or alter- 
ing feeding practices. Long-run production in- 
creases require changes in herd size. If a model of 
quantity produced as a function of past prices is 
specified and estimated, one would expect recent 
prices to have a relatively strong effect. This would 
be followed by some "intermediate term’’ prices 
with relatively small effects because short-run 
changes had already been made and the effects of 
long-run changes were not yet felt. Then there 
would be some other relatively strong effects as 
herd size changes had their impact, after which 
more distant price effects would become negligible. 

A relationship among the milk price coefficients 
in equation (1), consistent with this hypothesis, is 
shown in figure 1. There is one relatively strong 
effect associated with b’, and a second with b". But 
which are these two price coefficients? For 5", the 
answer is fairly clear—it corresponds to the time 
necessary to bring new cows into production. Esti- 
mates of two to four years, most commonly three 
years, have been made. However, for b’; the an- 
swer is less clear. Is this the coefficient of the im- 
mediately preceding price, as is usually assumed, or 
the current price? Current price may be relevant 
with a data-reporting interval as long as one year 
because milk production is a continuous process.! 





! Normally, if supply and demand are determined simulta- 
neously, single-equation methods would be inappropriate. 
However, since production in Mississippi is very small in relation 
to total U.S. production, simultaneous equation methods were 
judged unnecessary. 
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Figure 1. Hypothesized relationship among 
the milk price coefficients (bi) in equation (1) 


While a soybean producer must wait until next year 
to plant a new crop in response to this year’s price, 
the milk producer can make short-run adjustments 
in culling and feeding that can alter current situa- 
tions. 


Direct Estimation of Model Parameters 


If the relationship among the milk price coefficients 
is similar to that in figure 1, the Nerlove model, in 
which expected price is represented ‘‘as a weighted 
moving acreage of past prices in which the weights 
decline as one goes back in time’’ (Nerlove, p. 499), 
is not particularly well-suited to milk supply re- 
sponse. While the polynomial lag model offers the 
theoretical possibility of approximating the ex- 
pected pattern of lagged price parameters of figure 
1, the simplifying assumptions of second-degree 
polynomials and endpoint restrictions used by 
Chen, Courtney, and Schmitz and Hammond effec- 
tively preclude such approximation.? For these rea- 
sons, along with inherent simplicity, the lagged 
price parameters were estimated directly. 

There are two usual objections to directly es- 
timating lagged price parameters. The first is that 
the price variables will be highly correlated, and the 
second is that the ‘‘direct approach” involves es- 
timating too many parameters. With regard to the 
first objection, excessive correlation did not seem 
to be a problem with the data used here. Simple 
correlation coefficients among the lagged milk price 
variables ranged from .14 to .65. As for the second 
objection, the point of both partial adjustment mod- 
els and polynomial lag structures is to reduce the 
number of parameters to be estimated. But, with 
annual data, certain polynomial lag specifications 
can require as many variables be estimated as does 


2 See Schmidt and Waud for an excellent discussion of possible 
specification problems with polynomial lag models, especially 
those using endpoint restrictions. 
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direct estimation. In any case, it is not altogether 
clear that the possibility of a small reduction in pa- 
rameters to be estimated justifies the theoretical 
and statistical compromises inherent in these ap- 
proaches. 

' Hence, the following equation was estimated 
using ordinary least squares:? 


(2) Q,- —343.1 + 109.6P, + 53.2P,, — 237P,, 


(3.10) (136) (0.51) 
+ 8L1P, 4 — 2.11FP, + 4.721, 
(2.06) (1.93) (2.83) 


where R? = .86, DW = 1.65, and df = 9. The signs 
of the feed price and trend variables were as ex- 
pected, and both were significant at the .10 level 
(one-tailed tests). The price variables, however, are 
of most interest. Current price and P,4 have 
coefficients significant at the .10 level, but the 
coefficients of P, , and P, , are insignificant. This 
pattern of the price coefficients is well in line with 
the relationship hypothesized in figure 1. 

A second specification, in which the insignificant 
price variables from (2) were omitted, yielded the 
following: 


(3) Qi = —375.0+ 129.3P, + 92.9P, , — 1.76FP, 
(4.73) (2.92) (175) 
+ 4.26t, 
(2.72) 


where R? = .84, DW = 2.11, and df = 11. With this 
formulation, t-values for the price variables were 
increased, but those for the feed price and trend 
variables were lowered. 

With equation (2), the elasticity (measured at 
means) with respect to current price was .77 and 
the long-run elasticity, i.e., that for times r, t — 1, 
t — 2, and t — 3, was 1.55. With (3), the correspond- 
ing values were .91 and 1.56. Milligan obtained es- 
timates of .63 and 1.573 for relatively small dairies 
which predominate in Mississippi. 


Concluding Remarks 


Direct estimation of lagged price parameters in milk 
supply response models appears to have some ad- 
vantages over commonly used distributed lag tech- 
niques. In return for a possible increase in the num- 
ber of parameters to be estimated, direct estimation 
offers theoretical simplicity and the elimination of 
assumed a priori parameter restrictions. 


[Received March 1981; revision accepted October 
1981.] 


3 A similar model which included P,_, was also estimated. Elas- 
ticity estimates were close to those presented here, but parameter 
significance was decidedly lowered by including the extra vari- 
able. 
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Data Analysis with Computer Graphics: 


Production Functions 


Ted F. Bay and Richard A. Schoney 


Computer graphics provide a valuable addition to 
existing statistical procedures. While the usefulness 
of computer graphics in obtaining information on 
data or estimated response functions has been dis- 
cussed (Cady and Fuller; Debertin, Pagoulatos, 
Bradford), comparatively little work exists on the 
application of computer graphics to analysis of re- 
search data and the subsequent development of 
useful functional forms. This paper proposes that 
computer graphics can be used with the traditional 
statistical tests of "goodness of fit" to promote a 
better understanding of data and aid in the selection 
of functional form. 

When estimating functions, economic theory and 
a priori knowledge usually identify only general 
mathematical requirements which can be satisfied 
by numerous functional forms. Thus it is almost 
inevitable that estimated production functions con- 
tain some bias error. Cady and Laird demonstrate 
that misspecification by incorrect choice of func- 
tional form can be a major cause of bias error—the 
difference between the true model and the posited 
model over the area of interest. Measurement of the 
cost of bias error and its associated economic im- 
plications is of particular interest to economists. 
For example, Havlicek and Seagraves measured 
losses associated with suboptimal fertilizer rates 
resulting from misspecification. Computer graphics 
aid in analyzing and reducing bias error by provid- 
ing direct insight into specific physical characteris- 
tics of data and functions. 

This paper reviews the use of computer graphics 
as an aid in selecting functional forms to be used in 
fertilizer response analysis. Computer graphics can 
be used to develop response surfaces directly from 
experimental or nonexperimental data without re- 
strictions on surface shape that are imposed by 
specific functional forms. Statistical models and an 
unrestricted ‘‘graphics’’ model are developed and 
evaluated by comparing potential losses due to 
suboptimal input recommendations. 


Ted F. Bay is a research specialist, and Richard A. Schoney is an 
assistant professor in the Department of Agricultural Economics, 
University of Wisconsin. 
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Plotting Process 


Graphic surface and contour plots are often used to 
study both physical and economic relationships. 
Examples include works of Anderson and Nelson 
and Heady and Dillon which incorporate two- and 
three-dimensional graphics to depict physical and 
economic characteristics of various functional 
forms. Production of graphics for teaching and re- 
search has been greatly simplified by computer- 
controlled plotting devices. Debertin, Pagoulatos;. 
and Bradford demonstrated the potential. value of 
computer graphics as an instructional aid for pro- 
duction economics courses. 

Graphics demonstrated in this paper include data 
and function surface plots and their corresponding 
contour plots.! Surface and contour plots are gen- 
erated from a rectangular data grid of X, Y, Z trip- 
lets, where X and Y represent the independent vari- 
ables and Z is the dependent variable. Each set of 
X, Y coordinates represent one dependent variable 
value. For each X, Y combination, the dependent 
value is determined from the corresponding obser- 
vation in the raw data set or, in the case of a 
mathematical function, directly from the estimated 
value. Where multiple dependent values exist for an 
X, Y coordinate in the raw data as a result of repli- 
cated or multiple observations, the dependent value 
may be specified as either the minimum, maximum, 
or mean value of the observations. The number of 
X, Y combinations in the data grid is user specified. 
This controls the degree of refinement exhibited in 
subsequent plots. 


Analyzing Data 


The use of computer graphics is demonstrated with 
experimental data from a 1977 corn fertility re- 
sponse study conducted at the University of Wis- 
consin Experimental Station at Arlington. The the- 
oretical model for this study is 


Y = f(N,K), 


where Y is the yield of corn in bushels per acre, N is 


! The surface plots used here were generated by SURGEN, à 
three-dimensional, surface-generating routine, one of the Madison 
Academic Computing Center's (MACC) graphics routines. Con- 
tour plots are generated by CONTR, also one of MACC's graphics 
routines. Like SURGEN, CONTR produces plots either from 
user-supplied data or functions. The actual plotting is executed by 
a Zeta Model 3600-plotter. 
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Table 1. Data Grid, Yield (Bushels per Acre) 
Available 

ao Available Nitrogen (N) (Ibs./acre) 
(Ibs./acre) 75 131 187 243 299 355 
388 78 153 184 172 189 
357 144 167 166 175 
325 90 141 184 192 178 170 
294 103 148 185 179 181 175 
262 109 152 167 186 168 182 
231 H 112 150 172 186 181 176 
199 . - 88 164 193 161 170 164 
168 E 97 157 155 150 








available nitrogen, and K is available potassium. 
Two hundred and twelve observations were used. 

The example data were used to generate the 6 x 8 
data grid shown in table 1. The mean value was 
used for N, K coordinates with multiple observa- 
tions. Although not shown, a corresponding fre- 
quency table can be generated to show the number 
of observations at each coordinate. The data grid 
and frequency tables are important initial products 
of raw data plotting: they can be used to inspect 
large data sets for sampling irregularities, missing 
data, or lack of dispersion. Data and frequency 
tables also can guide improvements in experimental 
design and treatment levels. 

Table 1 reveals several missing data points (or 
holes) in the data grid. Missing data points can 
cause distortion and ambiguities in subsequent 
plots. The surface plot and corresponding contour 
plot generated from the data grid are shown in fig- 
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ures 1a and 1b, respectively.? While the data plots 
do not present a smooth, continuous surface, they 
do depict important characteristics. Both the sur- 
face and contour plots suggest a continuous and 
rapid response to N up to approximately 180 
pounds per acre where a yield plateau is reached. 
The location of global maximum is less clear. The 
dashed lines of figure 1b demarcate areas of missing 
data. 


Clarifying Data Plots 


Several graphics routines can be employed to im- 
prove the visual clarity of data plots by enhancing 
graphic definition, resolution, and intelligibility. A 
natural sequence is to (a) interpolate, (b) refine, 
and (c) smooth the dependent variable values of the 
data grid. Although these operations are indepen- 
dent of each other, their corresponding properties 
suggest the above sequence. Interpolation is a 
natural first step because, unlike the other two 
techniques, it can estimate missing data values. The 
primary purpose of interpolating at this point is to 
produce a complete grid of dependent values over 
the range of independent values. Interpolation also 
better preserves unique data characteristics as it 
moderates the influence of data irregularities. 

Interpolation routines do not interpolate in the 
classical sense of linear interpolation but rather 
employ algorithms in estimating the dependent val- 
ues of a data grid. Interpolation algorithms use the 

? The orientation of the X, Y axes is user specified. This particu- 
lar representation was chosen because the primary interest was 
the response to nitrogen. 
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Experimental data surface plot from 6 x 8 data grid 
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original data set to estimate new values at each X, Y 
coordinate location on a rectangular grid. Discus- 
sion of interpolation algorithms is provided in the 
Madison Academic Computing Center's (MACC) 
graphics manual Two-dimensional Interpolation 
Smoothing and Refining. A 6 x 8 data grid, interpo- 
lated from the 212 observations of the example data 
set, was used to generate the surface and contour 
plots in figures 2a and 2b. While figure 2b indicates 
the location of a global maximum, the somewhat 
jagged surface of figure 2a suggests that its exis- 
tence is uncertain. 

Refining and smoothing routines may be em- 
ployed to create a more continuous surface. Re- 
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Experimental data contour plot from 6 x 8 data grid 


fining generates a more detailed data grid by sub- 
dividing the cells (increasing the number of X, Y 
combinations) of the original grid. Dependent val- 
ues of the new cells are determined from the origi- 
nal grid values through bilinear interpolation. Re- 
fining differs from the previous interpolation al- 
gorithms in that it retains the original grid: values. 
The degree of refinement is user specified. 
Smoothing modifies abnormally high or low val- 
ues in a data grid. Each value in the grid is changed 
to the weighted average of itself and the nearby 
surrounding values by using either a standard set of 
weights or a user-supplied set. Smoothing may be 
repeated numerous times. In thís example, the in- 
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Figure 2a. 


Surface plot interpolated from 6 x 8 data grid 
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Figure 2b. Contour plot interpolated from 6 


X 8 data grid 


terpolated data grid was refined to the fourth degree 
(creating 16 cells for each original cell) and 
smoothed three times. The resulting surface and 
contour plots are shown in figures 3a and 3b, re- 
spectively. Both figures 3a and 3b suggest a yield 
plateau starting at N and K levels of approximately 
180 and.225 pounds per acre, respectively. The 
contour map of figure 3b suggests a positive interac- 
tion between N and K at the higher yield levels. 


Analysis of Estimated Response Functions 
Three functional forms were selected to demon- 


strate the potential of computer graphics for com- 
paring data and functions: the quadratic, the square 


BU/RCRE 





YIELD 


root, and the translog (Heady and Dillon, pp. 73, 
195; Berndt and Christensen). The equations, esti- 
mated from the example data set by ordinary least- 
squares regression, are equations (1.0) to (1.2), re- 
spectively. 


(1.0) Y= 1481 + .7519N + .404K — .001693N? 
(62) (10:10) — (2.40) (— 11.97) 


— .0Q00902.K? + .000645NK, 
C30 (3.48) 
where R? = 67.1%; 


on re PBB ESN BE 


+ 25.02N°+ 23.1K5 + .S04N3K'5, 
(7.38) (2.30) (384) 
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Figure 3a. Surface plot refined to fourth de- 
gree and smoothed three times 
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Figure 3b. Contour plot refined to fourth degree and smoothed three times 


where R? = 70.5%; 


(1.2) InY = —8.306 + 1.766 InN + 2.96 InK 
(-L81) (4.62) (1.88) 


— J76(InN): - . : 
(—10:49) SEND xe unl) 


+ .2349(1 Ink), 
(4.20) ee) 


where R = 74.1%. (t-ratios are in parentheses.) The 
response surfaces and contour maps of these func- 
tions are shown in figures 4a through 6b. 
Response surface plots prove particularly useful 
in the analysis of these functional forms. The trans- 
log model, for example, is an extremely flexible 
function with complex exponents which are func- 
tions of the independent variables. This makes it 


difficult to visualize an estimated surface without 
pictorial representation, especially the response 
characteristics and interaction between inputs. The 
surface plots also complement statistical analysis. 
The R? of the translog model, when converted to a 
linear model, is 72.1% exhibiting a slightly better 
statistical fit than either the quadratic or square root 
model. The fit is further verified in subjectively 
comparing the data and estimated response sur- 
faces: the translog model seems most nearly to 
match the data. 

When interest is centered on a limited surface 
area, the plots permit a researcher to compare por- 
tions of the function and data plots without discard- 
ing any information. In our example, the area of 
most economic interest is between 180 to 240 
pounds of available nitrogen (N) and 250 to 350 
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Figure da. Quadratic surface plot 
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l Figure 4b. Quadratic contour plot 











AVRILAOLE M LBS/SCRE 





BU/RCRE 


YIELD 








SQUARE ROOT MODEL 


Figure 5a. Square root surface plot 
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Figure 5b. . Square root contour plot 





Amer. J. Agr. Econ. 





Bay and Schoney 





BU/RCRE 


YIELD 








Computer Graphics with Production Functions 295 


VN 


A 


SY 


A 
S s 


vam 


ay ae 

au 

a 
SORREREREy 


i 
GU 


TRRNSLOO MODEL 








Figure 6a. Translog surface plot 


pounds of available potassium (K) (based on rota- 
tion requirements). Within this area, all three mod- 
els depict similar yields characteristics. The choice 
of best fit is unclear. 


Economic Implications of Misspecification 


If the ‘‘true’’ model is unknown, the data surface 
plot or ‘‘graphics’’ model can be a benchmark of 
comparison. While the graphics model has no 
known statistical properties, it places few a priori 
restrictions on the surface. Table 2 presents the 
optimum yield and input combinations suggested by 
the various models. Considerable differences in op- 
timum input levels are displayed along with some 
yield differences. More important, however, are the 
differences between the graphics model and the 
statistical models. The graphics model generates 


Table 2. Optimum Prodction and Input Com- 
binations 


Optimum Level 


Model Ne .K Yield 
(Ibs./acre) (ibs./acre) —(bu./acre) 
Quadratic ` 259 293 186 
Square root 241 281 181 
Translog 231 274 181 
Graphics 229 317 184 


Note: Based on the following prices: net price of corn, $2.40/bu.; 
nitrogen, $.15/b.; and potassium, $.10/Ib. . 
* [Includes contributions from soil organic matter. 


similar N levels as the translog model but consid- 
erably higher K levels than any of the statistical 
models. This may be caused by one of the local 
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Figure 6b. Translog contour plot 
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Table 3. Cost of Being Wrong 
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Alternative Model Quadratic 
Quadratic 0 
Square root 1.38 
Translog 3.27 
Graphics 7.18 





“True” Model 
Square Root Translog Graphics 
PE (S/acre)à8------------------.-------- 
.92 1.84 14.10 
0 .30 10.20 
27 0 8.00 
4.66 4.81 0 





Note: Based on the following prices: Net price of corn, $2.40/bu.; nitrogen, $.15/Ib.; and potassium, $.10/lb. 
^ While yields in table 2 are rounded to the nearest bushel, the values in this table are based on yields carried to the nearest tenth bushel. 


maxima in figure 3a which could confine economic 
activity to its nearby region. 

The decision maker faces many uncertainties— 
including weather, uneveness of fertilizer applica- 
tion, and differing soil fertility levels. Since the true 
model is unknown, one method of further analysis 
is to analyze the selection of alternative models 
including the graphics model (Havlicek and Sea- 
graves). In this method of comparison, a ''true" 
model is selected and the optimum input levels as- 
sociated with the alternative models are used to 
estimate yields in the ‘‘true’’ model. The net re- 
turns derived from the ‘‘wrong’’ model (net returns 
resulting from substituting the optimum input com- 
bination of the wrong model into the correct model) 
are deducted from the true net returns and labelled 
the ''cost of being wrong." These ‘‘costs’’ are pre- 
sented in table 3. 

The ''cost of being wrong’’ between the various 
statistical models is comparatively small, ranging 
from $.27/acre (square root and translog) to $3.27/ 
acre (quadratic and the translog). As opposed to the 
comparison between statistical models, the graphic 
model generates considerably greater costs. The 
cost comparisons are not symmetric—the costs of 
being wrong are higher when the graphics model is 
selected as the true model than when the graphics 
model is the alternative ‘‘wrong’’ model. This re- 
sults from the relatively smooth, flat surfaces in the 
economic areas of the statistical models as con- 
trasted with the relatively steep local hills of the 
graphics model. 

While the translog model does not incur the low- 
est cost of being wrong in the statistical model 
comparisons, it does compare the most favorably of 
the statistical models to the graphics model, table 3. 
The quadratic model does not possess such inher- 
ent flexibility but it also does not incur large costs 
except in comparison with the graphics model. The 
square root model incurs the least cost in the statis- 
tical model comparisons but incurs somewhat 
greater cost than the translog model in the graphic 
model comparison. While we do not advocate the 
graphics model for exclusive use, it is an unre- 
stricted ‘‘picture’’ of the data and can serve as a 
useful basis in selecting a functional form to best 
represent the area of interest. 


Further Advantages and Limitations of Computer 
Graphics 


Computer graphics packages generally incorporate 
features which add to their usefulness. These in- 
clude labeling, identification of extreme points, 
orientation and positioning of the axes, and multiple 
color selections. Micro- and mini-computers may 
also greatly enhance the visual effects through the 
use of color and motion. A primary limitation of 
computer graphics is its restriction to two indepen- 
dent variables. À second, less obvious, limitation is 
that data are often modified to fit discrete grid coor- 
dinates, resulting in plots that do not display actual 
Observations. In addition, information may also be 
lost through over-use or inappropriate use of inter- 
polation, refining, and smoothing techniques. Fi- 
nally, a relatively large number of observations are 
required in order to produce a useful continuous 
surface or contour plot. A limited data set may 
require such a coarse plotting grid that subsequent 
plots do not depict true data characteristics. Al- 
though there are limitations to computer graphics, 
the plots are relatively inexpensive and readily ob- 
tained at most university computing centers. The 
cost of producing the surface and contour plots 
used in this study was approximately $1.00 each. 


[Received August 1980; revision accepted 
September.1981.] 
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Using the Semivariance to Estimate Safety-First Rules 


Peter Berck and Jairus M. Hihn 


Safety-first rules, common in agricultural and de- 
velopment economics, require probability mass es- 
timates for the lower tail of the relevant distribu- 
tion. An example of a safety-first rule is: Choose the 
fertilization level to maximize income subject to the 
constraint that there is a 5% or less probability of 
not being able to pay for the fertilizer from crop 
revenues (de Janvry). Safety-first rules are used by 
de Janvry, Nakajima, and Roumasset to analyze 
production decisions of low income farmers in de- 
veloping countries. Wright provides an application 
to the nineteenth century cotton industry; Telser 
applies it to hedging; and Boussard and Petit use a 
safety-first model to explain cropping patterns. For 
a theoretical review of various safety-first rules, see 
Pyle and Turnovsky. 

There are at least three methods to estimate the 
probability mass in the lower part of the revenue 
distribution. Although the best method is to use the 
observed frequency itself, often there are in- 
sufficient observations in the tails. A second 
method is to use an approximation function, such as 
the Edgeworth series of the Pearson system of dis- 
tributions (Walsh). The third method, which re- 
quires the least information, is to use a 
Chebychev-type inequality. 

There is a wide range of Chebychev-type in- 
equalities. Chebychev's original inequality is 


Pr(|x — E(x)) = kc] s 1/R. 


Given only knowledge of a finite variance and 
mean, it gives the smallest upper bound that can be 
placed on the probability of an outcome k standard 
deviations below the mean. This bound can be 
tightened by incorporating higher moments and 
knowledge of the distribution functions convexity 
or continuity (Walsh). In this note it will be shown 
that, by using the semivariance instead of the vari- 
ance, a sharper bound can be placed on the area in 
the lower tail. This is especially useful when the 
underlying distribution is asymmetric. 

Let x be distributed as F with mean Ex. Its lower 
and upper semivariances are defined as 


ie (x ~ Ex) dF 


on = 


ot = L- (x — Ex) dF, 
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where o is the standard deviation. From this, it 
follows that 


g! = gi- + o*t. 


The semistandard deviations are denoted o^ and 
ot, The Chebychev inequality in terms of the lower 
semistandard deviation is 


(1) l 


Prax < Ex - mo^) = "x 





The proof follows the proof of Chebychev's in- 
equality using the variance. 


Since 
Er-mo- 
ot = { (x — Ex? dF 
Er A 
+ f @ E} dF, 
then 


Er-mg- 
| (x — Ex} dF < ot. 
The function (x — Ex)? is at least as large as m?o?- 
on the interval (~œ, Ex — mo^), so that 

Er-mg—' 


7 Er—-mo-— 
of > | . (x — ExY»TdF = mot | dF, or 


—e 


] Ex—mo- v 
Eu dF = Pr(x s Ex — mo^). 


-0 


To see that the semivariance inequality is tighter 
than the variance inequality, let m = ka/o~. Sub- 
stituting for m in the semivariance inequality yields 


g? 
EU 

Thus, the use of the semivariance improves the 
Chebychev inequality by the factor a?-/o*. 


If the distribution is symmetric, then o% /o? = % 
and yields the result, 


(2) Pr(x € Ex - ko) s z 


I 

Pr(x s Ex — ko) S AE 
However, the symmetry assumption is restrictive 
and likely to be incorrect (Day). Using the 
semivariance allows the data to speak for itself, 
depending only on the additional assumption that a 
finite lower semivariance exists. 

To illustrate the extent of the improvement, we 


(3) 
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provide three examples in which our new variant of 
the Chebychev inequality provides bounds on an- 
ticipated losses from growing crops that are sub- 
stantially tighter than those. derived from 
Chebychév's inequality or even the symmetric ver- 
sion of Chebychev's inequality, equation (3).: 

The first case is the revenue of sugar beets in 
Kern County, California. Revenue was predicted 
from a regression of revenue per acre on a constant 
term and the dependent variable lagged one and two 
time periods. The data were from the reports of the 
Agricultural Commissioner of Kern County, Cali- 
fornia, for the years 1963-77. Because sugar beet 
prices were stabilized by the government during 
most of those years, the probability that revenues 
would fall below the mean was greatly reduced. The 
mean of the prediction for 1978 was $493 per acre, 
and the standard deviation of the prediction error 
was 128. The prediction error is composed of two 
parts. One involves the standard error of the re- 
gression and is computed from the residuals. The 
other is from errors in the estimated coefficients. 
Assuming that the errors in the estimated 
coefficients were symmetric, the computed ratio of 
prediction semivariance to variance was .18. Thus, 
the standard form of the Chebychev inequality 
gives the probability of making less than $237 per 
acre (an arbitrarily chosen low return) as .25; while 
with the assumption of symmetry, that probability 
would be .125. Using the semivariance inequality 
presented in equation (2) gives a probability of only 
.045 of making $237 or less per acre. In this case, 
the use of the semivariance inequality gives strik- 
ingly different results from those of the usual 
Chebychev inequality and leads to the correct con- 
clusion that there was not much financial risk in the 
growing of sugar beets during 1963-77. 

Our second example was drawn from Day's 
classic work on estimating yields of cotton, corn, 
and oats. He estimated the parameters of a 
nonstandardized beta distribution for his yield func- 
tions by the method of moments. We computed the 
variance from these estimates using standard for- 
mulas given in Johnson and Kotz. The 
semivariance and the probability mass in the lower 
tail were computed by numerical approximations 
using a trapezoidal rule in conjunction with Rhom- 
berg’s principle (Bauer). The distribution of cotton 
yields when 37.5 pounds of nitrogen are applied per 
acre provides the best example for our illustration. 
The mean yield is 1,656 pounds per acre; the stan- 
dard deviation is 523; the semistandard deviation is 
316. From these numbers, it is easy to calculate 
estimates of the probabilty of obtaining a yield of 
less than 1,133 pounds per acre. The standard ver- 
sion of the Chebychev inequality shows that the 
probability of achieving such a low yield is 1.0 or 
less, so it provides no information at all. Assuming 
symmetry and using the Chebychev inequality 
gives a probability of .5 or less. Our semivariance 
inequality gives a probability of .36 or less. By 
contrast, the probability of obtaining a yield that 
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low is only .15 when estimated from Day's beta 
distribution. Day's conclusion that ‘‘decisions for 
maximizing profit or minimizing risk must be based 
not only on expected yields.and variance but upon 
skewness as well’ (p. 735) can be restated as: 
risk-minimizing decisions should not be based on 
mean and variance. but, rather, on mean and 
semivariance. 

.Roumasset's Rice and Risk: Decision Making 
among Low-Income Farmers provides our third 
example. Roumasset tests whether farmers' behav- 
ior on small rice farms can be described by ex- 
pected profit maximization when a specified chance 
constraint has been met. The chance constraint is 
that the probability of making less profit than re- 
quired for subsistence is lower than a specified 
level. Roumasset estimates the chance constraint 
by using the frequency distribution from his sam- 
ple. For Binan regime 2 with 60 pounds of nitrogen 
per acre, Roumasset (p. 151) estimates the proba- 
bility of profit being one standard deviation below 
the mean to be .23. A symmetric version of 
Chebychev's inequality estimates the probability to 
be less than .5. Our version of a semivariance 
Chebychev inequality puts the estimate at less than 
33. 

This discussion clearly demonstrates that the 
upper bound on the probability of an outcome k 
standard deviations below the mean calculated 
from the semivariance can be a significant im- 
provement over an upper bound based on the vari- 
ance. 

Because the semivariance of the sum of random 
variables is not a simple relation of appropriate 
semivariances and covariances, semivariance tech- 
niques are difficult to apply to multivariate prob- 
lems such as whole-farm planning. Nevertheless, 
the potential gains to semivariance techniques jus- 
tify their use. 


[Received November 1980; revision accepted 
December 1981.] 
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Determinants of Agricultural Economics Faculty Salaries 


Josef M. Broder and Rod F. Ziemer 


This note reports the findings of a general salary 
model developed to determine the relationships be- 
tween agricultural economics faculty activities, re- 
search productivity, and financial rewards. Mone- 
tary returns to research, teaching, and grantsman- 
ship are examined along with other factors which 
influence faculty salaries. 


Survey and Data 


In the spring of 1980, 500 randomly selected agricul- 
tural economists at land grant universities were 
asked to complete a pretested mailed question- 
naire.! The questionnaire was designed to secure 
individual information and preserve respondent 
anonymity. The 311 returned questionnaires rep- 
resented a response rate of nearly 60%. Two hun- 
dred and forty-one of the respondents held Ph.D. 
degrees. These individuals formed the sample for 
the following analysis.? 


A Model of Faculty Salaries 


The relationship among faculty resources, pro- 
ductivity, and rewards were examined in the con- 
text of a general salary model. In this stedy, indi- 
vidual faculty salary on a twelve-month basis was 
used to measure rewards. Explanatory factors re- 
lated to academic salaries have been suggested in 
previous studies. Explanatory variables for our 
model are as follows. 

Publications consisting of articles, books, and 
other publications have been found to be significant 
salary determinants (Tuckman and Leahey; Katz; 
Siegfried and White; DeLorme, Hill, Wood; Cof- 
fey). For this study, variables representing research 
productivity were computed on a total career basis 
(PUBTOTAL) and an annual rate of publications 


The authors are assistant professors, Department of Agricultural 
Economics, University of Georgia and Texas A&M University, 
respectively. 
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! Respondents were selected at random from agricultural eco- 
nomics faculty listed in Professional Workers in State Agricultural 
Experiment Stations and Other Cooperating State Institutions 
1978-79. 
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Peck and Babb in a study of AAEA memberships. Regional as- 
pects of the sample and further discussion of the data appear in 
Broder and Ziemer; and Ziemer, Broder, Spurlock. 


basis (PUBRATE) in separate model specifications. 
(The number of annual average publications was 
computed by dividing the weighted total career pub- 
lications by years of professional experience.) The 
PUBTOTAL variable represents a weighted total of 
career publications computed according to the fol- 
lowing weights: book = 5; AJAE = 2; national, 
regional, foreign, and international journals = 1; 
and experiment station and extension publications 
= 4, Although any weighting scheme can be con- 
sidered arbitrary, the weights used in this study 
reflect the procedures and empirical findings of pre- 
vious studies on economic faculty salaries (see De- 
lorme, Hill, Wood; Seigfried and White; Tuckman 
and Leahey). The faculty member's rate of publica- 
tion (PUBRATE) was computed by dividing PUB- 
TOTAL by years of experience. A positive relation- 
ship was expected between publication output and 
salary. 

Experience was defined as years of professional 
experience since earning a Ph.D. degree (YEARS). 
Previous studies show a positive relationship be- 
tween experience and faculty rewards (Feber; 
Katz; Siegfried and White; DeLorme, Hill, Wood; 
Coffey). 

Courses taught as an indication of teaching load 
was measured by the total number of graduate and 
undergraduate courses taught during 1979 
(COURSES). Previous studies have indicated that 
research is ranked over teaching for promotion and 
salary determination (Broder) and that teaching is 
negatively correlated with salary (Coffey). Lower 
salaries among teachers may result from less pro- 
fessional recognition, lower opportunity costs, and 
less employment mobility than that associated with 
researchers. 

Grants were measured by the total research funds 
obtained by the faculty member during 1979 
(GRANTS) Since no distinction was made between 
individually and jointly obtained grants, reported 
figures cannot be interpreted as an accurate mea- 
sure of individual grantsmanship. Research grants 
enhance the flexibility and productivity of research 
programs. Therefore, universities were hypothe- 
sized to encourage and reward grantsmanship. 

Employment mobility was defined as the number 
of employment changes since earning a Ph.D. de- 
gree (CHANGE). Other studies have found em- 
ployment mobility to be a significant positive salary 
determinant (DeLorme, Hill, Wood; Katz), sup- 
porting the idea that faculty who are mobile and 
willing to relocate generally do so for higher 
salaries. However, some faculty may move because 
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they cannot obtain tenure or contract renewal. 
Rank is measured by dummy variables. The vari- 
able FULL equals one if the faculty member has 
been promoted to full professor, but zero oth- 
erwise. Similarly, ASSOC equals one for an asso- 
ciate professor, but zero otherwise. 


Results 


Ordinary least squares was used to estimate sepa- 
rate salary models; results appear in table 1. The 
two estimated models differed only in the specifica- 
tion of the publications variable. Model 1 utilized 
the variable PUBTOTAL, while Model 2 utilized 
PUBRATE. Results for both specifications are re- 
ported in table 1. 

With one exception, all estimated parameters in 
both models were statistically different from zero. 
The signs on the PUBTOTAL and PUBRATE 
coefficients in the two models were positive as ex- 
pected. Based on the estimated coefficients for 
PUBTOTAL in Model 1 and the ad hoc weights 
associated with publications, additional career pub- 
lications yielded the following estimated annual sal- 
ary increments: $450 for a book; $184 for an AJAE 


Table 1. Factors Associated with Differences 
search Faculty, 1979 
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publication; $92 for other national, regional, for- 
eign, and international journals; and $31 for exper- 
iment station and extension publications. 

The relationship between the rate of faculty pub- 
lication and salary was measured in Model 2. The 
PUBRATE coefficient takes into consideration the 
time required to produce selected publications or 
the frequency of publications over time. For exam- 
ple, based on the PUBRATE coefficient of approx- 
imately $738 and the assumed weighting scheme, an 
AJAE publication produced every four years would 
realize $369 in annual salary or one-fourth of the 
annual increment of $738 x 2 = $1,476 associated 
with an AJAE publication produced every year over 
an individual's career. With four years of experi- 
ence, an individual with two publications in the 
AJAE would realize an estimated annual salary ap- 
proximately $369 more than that for a similar indi- 
vidual with only one AJAE publication. These re- 
turns to journal publications are consistent with 
previous estimates which range from $229 to $337 
(DeLorme, Hill, Wood) and from $345 to $392 
(Siegfried and White). Estimates of returns to 
books were comparable to those found in other 
studies (Tuckman and Leahey, Tuckman and 
Hagemann). 


in Salaries among Agricultural Economics Re- 





Estimated Coefficients? 





Variable 
Name Mean? Model 1 Model 2 
Dependent Variable 
SALARY $31,436.87 
($7,108.45) 
Explanatory Variables 
1. INTERCEPT 23,773.52 22,242.05 
(30.87)0*** (25.48)*** 
2. PUBTOTAL 18.16 91.77 — 
(49.25) (4.76)*** — 
3. PUBRATE 1.50 — 737.65 
(2.26) as (3.02)*** 
4. YEARS 13.61 258.16 335.37 
(8.97) (5.47)*** (6.92)*** 
5. COURSES 2.07 —474.90 —378.27 
(1.58) (—2.59)*** (-2.08)** 
6. GRANTS $ 65,736.00* 301.85 359.29 
($207,041.00) (1.80)* (2.18)** 
7. CHANGE .86 865.96 908.95 
(1.19) (3.60)*** (3.83)*** 
8. FULL .48 5,082.82 5,805.70 
(.50) (5.16)*** (6.07)*** 
9. ASSOC 27 1,072.78 1,646.56 
(.44) (1.31) (2.05)** 
Number of observations = 222: R= 64 .65 





à Standard deviations in parentheses. 
> t-values given in parentheses. 
* Actual. 


4 Asterisks indicate: * significant at the a = .10 level; and ** significant at the a = 


.05 level; and *** significant at the a = .01 level. 
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Referrring again to table 1, each year of profes- 
sional experience yielded an additional $258 or $335 
for Models 1 and 2, respectively, while the number 
of courses taught yields a negative $475 or $378, 
respectively, in annual salary. These results do not 
necessarily imply that faculty are penalized for 
teaching. Teachers may simply receive smaller sal- 
ary increments than researchers. Furthermore, 
competitive bidding among universities for research 
faculty relative to teaching faculty may partially 
explain these differences in salary increments. 

As expected, a positive relationship was found 
between grantsmanship and salary. Each $100,000 
increment in individual or shared research grants 
yielded an estimated $302 to $359 in annual salary 
for Models 1 and 2, respectively.? Considering em- 
ployment mobility, faculty received an additional 
$866 or $909 in average salary for an employment 
change. Finally, promotion from assistant to asso- 
ciate professor was associated with a $1,647 or 
$1,073 career salary increment, and promotion to 
full professor yielded an increment of $5,083 or 
$5,806 based on the models estimated. Approxi- 
mately two-thirds of the variation in salaries was 
accounted for by the explanatory variables in both 
models. i 


Summary and Conclusions 


The reward structure for agricultural economics re- 
search faculty is instrumental in directing faculty 
resources and efforts. This process is not well un- 
derstood. In this paper a model was developed to 
determine relationships between faculty activities 
and faculty rewards. Salary determinants identified 
in the study were publications, professional experi- 
ence, teaching loads, grantsmanship, employment 
mobility, and faculty rank. Career and annual rates 
of return to selected publications were estimated. 

An additional AJAE publication was estimated to 
yield an annual salary increment of $184, while an 
additional book was estimated to yield $460 in an- 
nual salary. Total returns to all publications were 
found to increase substantially as the annual rate of 
publishing increased. Grantsmanship, employment 
mobility, experience, and faculty rank were all 
found to be positive salary determinants. Perhaps 
disturbing but not surprising, teaching loads were 
found to have a. negative effect on salary. 

The results of this study, which are generally 
consistent with those of previous studies, support 
the notion that püblishing is more highly rewarded 
than teaching. This study makes no attempt to 
judge the desirability of the present reward struc- 


? Since no distinction was made between jointly and individ- 
ually held grants in the sample survey questionnaire, the 
coefficients for the GRANTS variable indicate salary return to 
successful individual or shared grantsmanship. 
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ture. However, our findings should remind univer- 
sity and faculty administrators that research ap- 
pears to be important for professional advancement 
and that a sensible faculty appointment should 
allow time for research. 

Katz has argued that the present general reward 
structure at major colleges and universities tends to 
encourage research, possibly at the expense of 
teaching quality. From this perspective, adminis- 
trators who are sensitive to teaching ‘quality may 
wish to encourage and support research in the area 
of new teaching methods. 


(Received March 1981, revision accepted 
November 1981.) 
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Proceedings 


Dynamics of the World Food Situation 


(T. Kelley White, IED ERS USDA, Presiding) 


Third World Development: Food, 
Employment, and Growth Interactions 


John W. Mellor 


Over the next few decades an unprecedented 
number of people and proportion of the 
world's population will reside in countries 
passing through a development phase in which 
domestic demand for food grows at a high rate 
relative to domestic production of food. That 
phase is described by high per capita income 
growth rates in a context of low base incomes 
and rapid population growth. In this phase the 
innate difficulty for food production growth 
rates to keep pace with demand growth is 
enhanced by the still immature system for 
shifting agricultural supply schedules which is 
characteristic of this relatively early stage of 
economic growth: j 
A substantial proportion of the population 
now experiencing accelerating economic 
growth falls in countries which derive a major 
portion of income from exports of oil, but in- 
creasingly the source is greater resource pro- 
ductivity through economic development and 
' technological change. The latter is the result of 
the past few decades of concentrated effort to 
lay the institutional and physical infrastructure 
of a modern economic system. ` 
Rising real food prices caused by greatly 
accelerated growth in demand for food will 
tend to restrain growth in developing countries 
and increase relative and absolute poverty. 
The extent of real price increase for food will 
be substantially determined by the rate of 
technological change and supply elasticity in 
developed countries. This is because in the 


The papers in the "Proceedings" section were presented at a joint 
session of the AAEA and the American Economics Association at 
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developing countries Says law tends to oper- 
ate in the market for food, and so accelerated 
growth in food production tends to create a 
roughly commensurate, or even greater, in- 
crease in demand for food. 

In this context, it becomes economic for 
developing countries to place a greater em- 
phasis on agricultural production in their de- 
velopment strategies than was justified in ear- 
lier decades. Success in such an effort will 
diffuse the benefits of growth more widely 
than alternative strategies and will even accel- 
erate growth if, as has often been the case, 
previous emphasis on agriculture was subop- 
timal for the earlier conditions. Thus, over the 
next decade the economic pressures on the 
food front may well have a salutary effect on 
the pace and pattern of development. 


The Extent and Sources of Accelerated 
Growth in Demand for Food 


: More than 700 million people live in third 


world countries which averaged growth rates 
of nearly 4% or better in per capita income for 
the period 1970-77.! Eight major oil-exporting 
third world countries (Algeria, Indonesia, 
Iran, Iraq, Mexico, Nigeria, Saudi Arabia, and 
Venezuela) had an aggregate population in 
1977 of 361 million and an average per capita 
income growth rate of 5.676 per year. Twelve 
‘third world countries which are not major ex- 
porters of oil (Brazil, Hong Kong, Democratic 
People's Republic of Korea, Republic of 
Korea, Malaysia, Philippines, Singapore, 
Syria, Taiwan, Thailand, Tunisia, and Turkey) 
also had an average growth rate of per capita 


! Data cited in this section are adapted from a forthcoming 
paper by Mellor and Paulino (1982). 
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income of 5.6% for the same. period and an 
aggregate population of 349 million.people. In 
such sets of countries one can expect demand 
for food to grow at well over 5% per year. 
Judging from historical records; it is unlikely 
that food production growth rates will match 
that pace. 

Because of high rates of i increase in export 
prices, the major oil-exporting countries have 
experienced a large growth rate in national 
income relative to their stage of development. 
In the short run this has caused sharp in- 
creases in savings rates and growth in foreign 
exchange balances. This suggests that rapid 
growth rates in consumption will be main- 
tained even if real oil prices were to increase 
little over the next several years. In general for 
these countries, the institutional structure for 
accelerated growth. in. agriculture is underde- 
veloped relative to the growth rates in demand 
for agricultural commodities. Thus, in the pe- 
riod 1970—77 food imports to these countries 
grew at a rate of 19% per year in real terms. 

Increased productivity of domestic .re- 
sources is the primary source of growth in the 
second set of high-growth countries, although 
some have benefitted from substantial labor 
exports, e.g., Syria and Turkey. Without large 
improvement in barter terms of trade, rapid 
growth in overall income is difficult to achieve 
in countries with a large agricultural sector 
without participation of that sector in produc- 
tivity growth. Thus, countries growing on the 
basis of increased efficiency have a closer bal- 
ance between growth in demand for and sup- 
ply of food. Nevertheless, with.a growth rate 
in demand for food of well over 5% per year, 
net food imports are bound to grow, if not for 
every coüntry in the group, then at least for 
the collectivity of these countries. 

It is notable that the sixteen developing 
countries with the fastest growth rates in the 
basic food staples production collectively in- 
creased imports of basic food staples 
(Bachman and Paulino). The reference period 
for the study is 1961-76. Net imports (in tons) 
of basic food staples more than doubled for 
this set of food production successes, while 
the self-sufficiency ratio declined two percent- 
age points. The. average growth rate for basic 
food staples for this set of countries was 3.9%. 
The lowest was 3.2596. These data also dem- 
onstrate that it is remarkable for countries ina 
high growth rate phase of economic develop- 
ment to achieve growth rates in basic food 
staple production commensurate with rates of 
growth in demand for food. 
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What are the prospects that the 700 million 
people in the set of fast-income-growth coun- 
tries will enlarge over the next few decades? 
Oil prices may not rise as rapidly as in the 
1970—77 period, but consumption expenditures 
may in the future rise faster relative to total 
income. Some of the countries experiencing 
fast growth in productivity may falter from 
economic or political imbalances. On the other 
hand, other countries could well enter this 
class in the next decades. It is well to 
remember that as recently as the mid- to late 
1950s both Taiwan and South Korea were 
widely considered to be poor prospects for 
growth, particularly given their poor export 
performance! 

India is a massive and relevant case in point. 
The shift of India, with a population of over 
7700 million, to high growth status would have 
a significant effect on global aggregates. 
Linear projection of 1966—77 growth rates to 
the year 2000 brings India to the position of a 
significant net exporter of basic food staples. 
That is consistent with India's shift from a 
typical four to six million tons of imports in the 
1950s and 1960s to a slight export position in 
the late 1970s, as well as with the evidence of 
India having institutionalized a somewhat ac- 
celerated food grain production growth rate 
with good prospects of a modest further accel- 
eration of that growth rate. However, such 
projections ignore the extent to which India 
has simply shifted from food grain imports to 
vegetable oil imports. And more important, it 
ignores the. fact that India's reduction of food 
grain imports is as much a phenomenon of 
decline in demand growth rate as of a rise in 
production growth rate (Mellor 1976). Or, 
more dramatically, it is a function as much of 
failure of nonagricultural growth as a success 
in agricultural growth. Achievement of the 
1076 growth rates in other sectors consistent 
with India's institutional structure would be 
consistent with a close to 4% growth rate in 
per capita income and, hence, in an over 496 
growth rate in agricultural consumption—a 
demand growth rate well in excess of the cur- 
rent agricultural production growth rate (Mel- 
lor 1976). 


Phases in Agricultural Demand-Supply Growth 


The passing phenomenon of rapidly growing 
developing country imports of food is cap- 
tured in table 1 which presents hypothetical 
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data consistent with successive phases of in- 
come growth. The table, depicting five phases, 
shows accelerating growth in demand to a 
peak and then diminution. Net imports can be 
expected to grow as agricultural growth lags in 
its acceleration behind demand growth. The 
institutionalization of that growth can be ex- 
pected to maintain the production growth rate 
despite decline in the demand growth rate, 
generating exportable surpluses. This pattern 
is consistent with the rapid growth in net im- 
ports of food by the current fast growth coun- 
tries, with the finding that the  fast- 
agricultural-growth developing countries in- 
crease their net imports of food and with ex- 
portable surpluses generated in the mature, 
high income countries of Europe and North 
America. 

Row one of table 1 depicts an early stage of 
economic growth in which people are very 
poor, desperately wish to consume more food 
but cannot because their incomes are rising 
little if at all. Poverty causes high death rates 
and, hence, only modest rates of population 
growth. The result is a 3% or less growth rate 
in effective demand for food—a rate that the 
enlarging labor force, derived from population 
growth, may roughly provide by more effort 
on existing and added farmed area. 

As development occurs, the population 
growth rate increases. But, even more impor- 
tant, income begins to grow more rapidly. The 
low base income carries a relatively high in- 
come elasticity of demand, and so rising in- 
come strongly augments the effect of popula- 
tion growth to increase the growth rate of de- 
mand for food by some 30% over the earlier 
phase and to exceed all but the most rapid 
known rates of food production growth. To 
maintain food production growth rates as high 
as 4% in general requires large unexploited 
land areas and institutionalization of continu- 
ous substantial improvement in technology. 
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Continuing progress of development further 
accelerates income growth. Even though the 
population growth rate may decline and in- 
come elasticity of demand drops significantly, 
the effect of high income growth is so over- 
whelming that the rate of growth of demand 
may well rise by another third. That rate sur- 
passes all but the most extraordinary of past 
experiences with food production rates. It is 
this stage that so many countries encompass- 
ing large aggregate populations are now en- 
tering. i i 

Eventually, of course, population growth 
rates decline to low levels, and income elastic- 
ity of demand for food becomes highly inelas- 
tic, and hence growth in income begins to have 
little effect on food consumption. Meeting 
demand growth not only becomes much more 
manageable, but food production growth rates 
may by then have become institutionalized at 
close to the high levels needed to meet past 
demand growth rates. It is in this phase that 
surpluses accrue. The argument is that in the 
next few decades a high proportion of the 
world's population will be in the high demand 
growth phase, and only a small proportion in 
the high income, low demand growth phase. 


Population Growth 


The effect of population growth on demand for 
food requires clarification because of its in- 
teraction with both supply and with other de- 
mand factors. Although income growth will be 
the dynamic force in causing rising food de- 
mand in the next decade, population growth 
will play an indirect role in forcing transfer 
payments and in interaction with income 
growth. Population growth will also enlarge 
the number of people in absolute poverty and 
deficient in food. 

It is not an accident that food production 








Table 1. Comparison of Growth of Demand for Agricultural Commodities, Hypothetical Cases 

Percentage of Rate of Rate of Income Rate of 

Population Popula- Per Capita Elasticity Growth 
Levels of in tion Income of in 

Development Agriculture Growth Growth Demand Demand 
Very low income 70 2:5 5 1.0 3.0 
Low income 60 3.0 1.0 0.9 3.9 
Medium income 40 2:5 4.0 0.7 5.3 
High income 30 2.0 4.0 0.5 4.0 
Very high income 10 1.0 3.6 0.1 1.3 








Source: adapted from Mellor 1966, p. 78. 
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growth in low income, agriculture-dominated 
countries keeps rough pace with population 
growth. Population growth enlarges the rural 
labor force and hence the capacity to produce 
food. If mounting pressure on land resources 
reduces labor productivity, per capita income 
declines and per capita food consumption de- 
creases comparably. Income-depressing effects 
may be reduced by longer working hours or by 
reduced production and consumption of non- 
food goods and services. 

Decline in rural incomes from population 
growth may push more rural youth into urban 
areas, increasing urban unemployment and 
depressing urban wage rates. The resulting na- 
tional political pressures may then cause 
governments to provide transfer payments to 
lower income urban people through food sub- 
sidy and distribution programs. Foreign assis- 
tance programs, motivated by concerns for 
equity or political stability, may relieve the 
foreign exchange burden of consequent food 
imports. Such foreign assistance, interacting 
with rapid population growth, may be an im- 
portant source of growth in demand for food in 
the next decade in low income countries not 
yet experiencing rapid growth in. productivity 
and income. Thus, countries which would not 
otherwise be expected to become major food 
importers may become so, adding further to 
the net food imports of third world countries. 

When an economy undergoes sectoral 
transformation, with capital formation and 
technological change occurring rapidly in the 
nonagricultural sector, rapid population 
growth fuels that process. The supply of labor 
for growth of the nonagricultural sectors is in 
effect highly elastic. Under those circum- 
stances of rapid growth in capital stock and 
labor force, the supply of wage goods— 
primarily food—will be the operable 
constraint to growth (Lele and Mellor 1981). 
Unless rapid technological change in agricul- 
ture occurs, the growth momentum can be 
sustained only by rapid growth in exports or 
foreign borrowings to pay for rapidly growing 
food imports. If rapid technological advances 
occur in agriculture, the extent of upward 
pressure on food prices is then the product of 
complex relations between the rate and nature 
of technological change in agriculture and the 
rate of growth in nonagricultural employment 
and income (Lele and Mellor 1981). Rapid ap- 
plication of modern high-yield agricultural 
technology will tend to restrain the rise in ag- 
ricultural prices. Large capital transfers, 
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including higher oil revenues, will have the 
opposite effect. Throughout these processes 
of rapid economic growth, the higher the pop- 
ulation growth rate the greater the growth rate 
in demand for food. 

There should be no misunderstanding about 
the deleterious economic effects of rapid pop- 
ulation growth simply because the effective 
demand for food keeps roughly in pace with 
supply in early stages of growth or because in 
later stages it eventually encourages faster 
overall economic growth. Rapid population 
growth tends to decrease labor productivity in 
agriculture, reduce the pace of transformation 
of the economy from agricultural to nonag- 
ricultural, and hence, discourage growth in per 
capita income, in food intake, and in nutri- 
tional status. Its burden falls on the poor, 
whose income is derived solely from labor. 


Income Growth 


Accelerated growth in income is the basic 
source of divergence in growth in demand and 
supply of food. The extent to which income 
growth accelerates food demand growth be- 
yond food supply growth depends, on the de- 
mand side, upon the level of income, the em- 
ployment content of growth, and the rate of 
income growth itself. The first two factors af- 
fect the aggregate income elasticity of de- 
mand. Demand will be driven rapidly when 
income is initially low, when growth has a high 
employment content, and when the income 
growth rate is rapid. Large net capital inflows 
and enhanced terms of international trade 


‘favor the latter. Because of strong multiplier 


effects of agricultural growth, heavy invest- 
ment in agriculture may not shift supply of 
food more rapidly than demand. 

It should be noted that inelasticities of ag- 
ricultural supply with respect to increased de- 
mand traces to the fixity of land resources and 
hence are phenomena of the basic food staples 
such as cereals, which use the bulk of land. As 
demand for agricultural commodities rises in 
response to income, the relative composition 
of demand changes. It is fruits, vegetables, 
and livestock products for which demand is 
more elastic and it is the livestock commod- 
ities which are most important in aggregate. 
They represent a potentially large, derived 
demand for basic food staples or the produc- 
tion resources for basic food staples, particu- 
larly at the margin. And, it is the rising impor- 
tance of livestock products that plays a major 
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role in restraining the decline in the overall 
income elasticities for basic food staples. In- 
come elasticity of demand for livestock prod- 
ucts remains relatively stable at well over one, 
up to income levels still achieved by only a 
handful of countries. . 

A peculiarity of the derived demand for feed 
for livestock should be noted. At low incomes, 
livestock comprise a small budget share, and 
hence the derived demand for basic food 
staples is small. As incomes rise, the income 
elasticity of demand for basic food staples for 
direct human consumption declines; the in- 
come elasticity of demand for basic food 
staples derived from livestock consumption is 
much higher than that for direct consumption 
and declines less rapidly. The base level of the 
derived demand is very small relative to the 
direct demand, but, with sharply different 
elasticities the weights change rapidly, and the 
weighted average elasticity changes—at first 
declining, then rising, and eventually declining 
again. It is the period of rising weighted in- 
come elasticity of demand when demand 
growth for basic food staples increases explo- 
sively, tending to throw countries onto the 
international market for substantial aggregate 
imports of food. 
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Some Empirical Evidence 


Table 2 provides data consistent with the 
foregoing analysis. The slow growth countries 
with less than 1.0% per capita income reflect 
rapid increase in imports because of large for- 
eign assistance. They are largely concentrated 
in Africa, which receives per capita levels of 
foreign assistance which are large by historical 
standards of Asia. The somewhat faster 
growth countries (3.0% to 4.9%) evidence 
rapid growth in net imports as expected. The 
very fast growth countries (over 5%) show 
explosive growth in net imports for all the 
reasons indicated plus the loading of those 
countries in the oil-exporting categories for 
which incomes grow rapidly relative to institu- 
tional development and, hence, capacity to 
accelerate growth in agriculture. 

Table 3 shows growth rates for basic food 
staples for each per capita income class. As 
expected, the basic food staple production 
growth rate is successively greater for each 
successively higher income growth rate, ex- 
cept for the fastest, which is, as stated, heavily 
influenced by the oil exporters. The relative 
importance of yield increase relative to area 
expansión also increases with per capita in- 


Table 2. Exports, Imports and Net Trade of Major Food Crops in the Developing Countries, 


1961/65 and 1973/77 Averages 





Exports 





1961/65 1973/77 Change? 1961/65 1973/77 Change? 1961/65 1973/77 20004 


Imports 


Annual Growth 
Rate 
Net Trade? 1961/65-1973/77* 


Exports Imports 








Country group (million tons) (96) (million tons) (96) (million tons) (96) 
Total- 21.9 28.3 +29 27.2 51.3 +88 -5.3 -23.0 -125 2.1 5.4 
By GNP/capita* 
growth rate 
Less than 1.0% 2.2 1.2 —47 3.8 92 +143  -1.6 —8.0 -46 -5.1 7.7 
1.096—2.996 13.2 16.4 +24 10.4 15.3 +47 +29 411.1 +18 1.8 3.3 
3.0%-4.9% 4.1 7.2 +76 5.8 11.2 +930 -1.7 —4.0 —34 4.8 5.6 
5.096 and over 2.5 3.5 +41 7.2 15.6 +116 -—427 -121 —63 2.9 6.6 
By region 
Asia 7.6 10.2 +34 13.9 21,2 +52 ~6.3 10.9 -2 2.5 3.5 
North Africa/ 
Middle East 1.4 il —-21 5.0 1L6 +133 -3.6 —10.6 -63 ~2.0 7.3 
Sub-Sahara 
Africa 2.9 1.7 —43 2.0 4.5 +127 0.9 —2.9 —29  -4.6 7.1 
Latin America — 10.0 15.3 +53 6.3 13.9 +122 +3.7 +1.4 2 3.6 6.9 





Source: Developed by Leonardo Paulino from FAO. 





Notes: Trade data include bran and cakes for feed use; to minimize double counting, partial adjustments were made for wheat flour based 
on available figures for this commodity as reported in the 1978 FAO Trade Yearbook; the People’s Republic of China is not included in 
this table because of difficulties of developing significant trend coefficients in the face of large politically related fluctuations. 


* Exports minus imports. 
> During the period 1966-77. 
$ Calculated between the mid-years of the indicated periods. 


3 Projections derived from production and income data for 1961-77 and UN population projections. 
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Table 3. Average Annual Growth Rates of Production, Area Harvested, and Output per Hectare 
of Major Food Crops in the Developing Countries, 1961-77 


Average Annual Growth Rate, 1961-77 


Relative Contribution 
to Production Growth 








Area Output per Area Output per 
Country Group Production Harvested Hectare Harvested Hectare 
-------------- (96$) --------------  -------- ($6) -------- 
Total 2.65 1.00 1.64 38 e 
By GNP/Capita Growth Rate* 
Less than 1.096 1.30 0.64 0.66 49 51 
1.096—2.996 2.91 0.79 2.10 28 72 
3.0% 4.9% 3.03 0.95 2.05 32 68 
5.0% and over 2.75 1.89 0.85 69 31 
By region 
Asia 2.78 0.66 2.10 24 76 
North Africa and Middle East 2.53 1.12 1.40 44 56 
Sub-Sahara Africa 1.59 1,28 0.31 80 20 
Latin America 3.22 1.78 1.41 56 44 





Source: Developed by Paulino from FAO. 
Note: Excluding China. 
* During the 1966-77 period. 


come increase, again, with the expected ex- 
ception of the highest income growth rate 
group and its oil exporter influence. 


Global Effects of Accelerated 
Income Growth 


The problem for world agriculture in the 1950s 
and 1960s was large populations in the very 
high income phase generating surpluses and a 
huge population in the very low income phase 
with slow growth in effective demand, despite 
the poor nutritional status of people in those 
countries. The high income countries at- 
tempted to restrain agricultural production 
and to develop systems to subsidize exports to 
low income countries with highly elastic de- 
mand. The low income countries showed a 
major interest in expanding industrial produc- 
tion. 

The food problem for the world in the 1980s 
and 1990s is one of vast populations moving 
into the high growth, medium income stage, 
sorely taxing the export capabilities of the 
more mature economies. During this period of 
rapid growth in demand for food, problems of 
instability in food production will be particu- 
larly onerous. 

Thus, the closing of the twentieth century 
will see a period of great pressure for develop- 
ing countries to increase food production so as 
to minimize their need for imports of food, and 
for the developed countries to increase pro- 


duction to meet the inevitable increase in im- 
port needs of the developing countries. 


Prices 


The extent to which real food prices increase 
over the next few decades will be substantially 
determined by the relative size of the third 
world population which moves into the fast 
economic growth phase and the effective sup- 
ply elasticities for food of the mature econo- 
mies. 

For the developing countries, their growth 
rates in agriculture will be more important in 
affecting their overall growth rates than in af- 
fecting the food supply-demand balances. 
That is because of the multiplier effects of 
agricultural growth in other sectors and the 
reinforcing effect of exogenous capital inflows 
that add further to demand stimulating growth 
(Mellor 1976; Mellor and Lele 1978, Lele 
and Mellor 1981). f 

The major exception to this generalization is 
the lowest income countries, for which failure 
in agriculture may be covered by politically or 
humanely motivated foreign assistance to 
maintain consumption growth rates ahead of 
population growth. Thus, growth in food im- 
ports is likely to be significantly restrained by 
production success only in the case of non- 
commercial imports. ; 

For the developed countries, the critical is- 
sues are the extent to which rapidly expanding 
export markets will sustain or accelerate de- 
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velopment and application of new production 
technology and the elasticity of area under 
cultivation with respect to real food price. 
High rates of technological advance and high 
supply elasticity of area will result in only 
small price increases in the face of large 
growth in third world imports. 


Growth 


If the real price of food rises substantially, it 
will slow third world growth through two im- 
portant effects. It may reduce savings rates if 
governments feel pressure to maintain food 
consumption growth in the face of higher real 
prices of imported food. It will push up the 
real price of labor in terms of industrial goods 
and foster substituting capital for labor. The 
consequent capital deepening will raise incre- 
mental capital output ratios and slow growth 
(Lele and Mellor 1981). 

This latter argument can be turned around 
to emphasize the role of accelerated growth in 
agriculture in facilitating mobilization of labor 
in a situation of rising real price of imported 
food. Thus, a rational response to the regime 
of the 1980s and 1990s is increased emphasis 
on agriculture's role in growth as compared to 
the 1950s and 1960s. 


Poverty 


Itis the poor who will bear the burden of rising 
real prices of food (Mellor 1978). They will do 
so either in the form of reduced purchasing 
power from higher real prices of food or from 
lower employment due to food price induced 
increase in wage rates expressed in terms of 
labor product and consequent capital deepen- 
ing. 

Under these circumstances, concern for 
poverty alleviation focuses on means of ex- 
panding the supply of food. That may occur by 
facilitating the processes of technological 
change in the agriculture of developing coun- 
tries, which facilitates growth in employment 
and food consumption even though it may not 
lead to greater food self-sufficiency. Growth in 
agricultural output in the mature economies 
can also facilitate increased welfare of the 
poor by relieving the upward pressure on real 
food prices and providing a basis for sub- 
sidized food for low income groups. The latter 
facilitates direct increase in welfare as well as 
increased employment through the effective 
wage subsidy. : 
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Conclusion 


The next few decades will be extraordinarily 
dynamic in food production, consumption, 
and trade. Increased food production in both 
developing and mature economies will become 
more central to both growth and equity strate- 
gies. 

In this dynamic context new relationships 
will occur among various food-related factors, 
presenting new challenges and additional re- 
sponsibilities on the research community. It is 
already clear that research is needed to trace 
the course of derived demand for basic food 
staples from the complex changes in consump- 
tion patterns that accompany rapid income 
growth. The relationship between employ- 
ment growth and food supply needs to be 
explored in all its ramifications, including the 
marginal propensities to spend wage income 
on food, the elasticities of substitution be- 
tween food and other goods and services, the 
respective supply elasticities of those com- 
modities, and the elasticities of substitution of 
capital and labor in various production pro- 
cesses. These are all of direct and interacting 
relevance to the demand for food and the ex- 
tent to which food supply may restrain eco- 
nomic growth. The nature of the labor market 
more generally needs exploration, particularly 
as it affects the balance between food produc- 
tion and income generation in other sectors—a 
relationship particularly important and poorly 
understood in African countries (Lele 1975). 
Finally, the optimal allocation of capital be- 
tween the food and nonfood sectors is impor- 
tant, an exploration that needs to commence 
with the work of Sen and be pursued in the 
context of the now well-known potentials for 
technological change in agriculture. From 
these analyses can spring the understanding of 
food processes and relationships of the next 
few decades which are essential to policies for 
more efficient pursuit of people's objectives in 
this extraordinarily dynamic period. 
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Soviet Grain and Wheat Import Demands 


in 1981-85 


Padma Desai 


Soviet imports of grain, including wheat, have 
become large in recent years. The U.S. De- 
partment of Agriculture (USDA) has esti- 
mated that the Soviet Union imported 35 mil- 
lion tons of grain in the consumption year end- 
ing 30 June 1981.' These imports will continue 
to be large in the near future because of the 
Soviet decision to increase the production and 
consumption of meat and dairy products with- 
out slaughtering livestock in years of harvest 
failure. 

While the imports have not been large in 
relation to Soviet grain output, they are sub- 
stantial in relation to world grain trade. If they 
are also variable, they could create disruption 
in world grain trade with serious conse- 
quences for both grain-exporting and grain- 
deficit countries. 

It is therefore of utmost importance that 
future Soviet grain imports are estimated 
soundly. Accordingly, we predict these im- 
ports during 1981-85. In the first section, we 
predict grain imports as the difference be- 
tween total supplies and requirements with the 
major components of the two categories esti- 
mated from simple regressions. We also pre- 
dict wheat imports separately by using the 
same methodology. In the second section, we 
modify the methodology of forecasting grain 
output in one respect: we estimate grain pro- 
duction not from past trends, but by fitting a 
simple Cobb-Douglas production function 
with constant returns to scale to alternative 
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sets of data. Finally, in the third section, we 
predict grain imports using import demand 
functions where the explanatory variables are 
domestic production of grain, meat produc- 
tion, livestock inventories, a time trend, and, 
from 1971, a dummy variable representing the 
policy decision to import grain to keep inven- 
tories of livestock steady. 

The large weather-induced fluctuations in 
Soviet grain and wheat output make it neces- 
sary to forecast grain and wheat outputs and 
imports by defining below-average harvests 
associated with unfavorable weather and 
above-average, with favorable weather. Ac- 
cordingly, we make three sets of grain and 
wheat output forecasts in this paper. 

Among our major conclusions are the fol- 
lowing: the Soviet Union will need to import 
up to 32 million tons of grain in a below- 
average year, and wheat imports will consti- 
tute up to 14 million tons of these. Average 
annual grain imports during 1981/82—1985/86 
will be up to 17.9 million tons and the Soviet 
planners will be able to meet the foreign ex- 
change costs of these imports. 

In the following analysis, we shall estimate 
Soviet deficits of grain from grain data (USDA 
1980, p. 29) as the difference between output, 
on the one hand, and the requirements, on the 
other, for feed grain, seed, industrial and per- 
sonal consumption, dockage waste, export 
commitments, and additions to reserves. We 
also introduce variations in the weather pat- 
tern in our estimation. We then present the 
resulting estimates of grain deficits as esti- 
mates of Soviet grain imports between 1981/82 
and 1985/86. We also derive estimates of 
wheat imports from a similar supply-demand 
exercise based on wheat data (USDA 1974, p. 


. 31 and USDA 1980, p. 30). 


Grain Import Estimates 


The first step in the sequence of our estimation 
is the forecast of grain output. We predict 
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grain output from equation (1) on the basis of 
the linear trend of past.output during 1955/56 
to 1978/79. . 


(1) (Grain output), = 97.8177 + 4.72492, 
(11.2644) (7.7746) 
where R? = 0.7332, DW = 2.81, SER = 


20.6095, and t = 1,2,... , 31. In all the equa- 
tions of this paper; R? is the correlation 
coefficient, DW is the Durbin-Watson statis- 
tic, and SER is the standard error of the re- 
gression. Values in parentheses are t-values of 
the estimates. f i 

Among the four possibilities of the linear or 
semilog trend of past output, or yield, we 
choose the linear trend of output because with 
almost indistinguishable R? and DW, it has the 
minimum estimated variance of predicted out- 
puts. 

We estimate the grain outputs with a 6095 
confidence interval with the lower estimates 
characterized as below average and the upper, 
as above average. The intermediate trend es- 
timates are average outputs. This procedure is 
necessary because the extreme weather- 
induced variability of annual output (indicated 
by the estimated standard error of 20.6 million 
tons in equation [1]) renders point estimates 
meaningless. 

Our estimates of grain imports in a below- 
average year or domestic stock accumula- 
tion possibilities and/or exports in an above- 
average year corresponding to a- 60% confi- 
dence interval can be interpreted as: chances 
are 60% (almost two in three) that the actual 
imports (or additions to stocks plus exports) 
will not exceed the stated estimates. 

Furthermore, ten of the twenty-six observa- 
tions (1.e., approximately 40%) from between 
1955/56 and 1980/81 are outside the limits set 
by the 60% confidence interval. It is clear from 
observing the data that of these ten observa- 
tions, five (1963/64, 1965/66, 1975/76, 1979/80, 
and 1980/81) are outside the lower range of the 
interval and five (1956/57, 1958/59, 1973/74, 
1976/77, and 1978/79) are outside the upper 
range. Two of these, 1956/57 and 1958/59, are 
almost on the boundary. Indeed, a further in- 
vestigation of the distribution of the output 
Observations indicates that, whereas the 
above-average observations are close to the 
upper boundary of the 60% range. (with two out 
of five almost on the boundary), the below- 
average observations are far from the lower 
boundary of the 60% confidence interval. 

This pattern reveals the asymmetric impact 
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of extremes of weather on output. It implies 
that if we select a wider confidence interval, 
such as 70%, we might overstate output if the 
weather is better than average. On the other 
hand, in settling for the 60% confidence. inter- 
val, we might overstate output if the weather 
is worse than average. 

In order to counteract the latter possibility, 
we estimate the average size of the net output 
shortfall that can be attributed to the weather 
asymmetry. Thus, the actual surplus of the 
five above-average years is estimated by sub- 
tracting from the actual output the correspond- 
ing output of the upper 60% range; similarly, 
the actual shortfall of the five below-average 
years is estimated by subtracting actual output 
from the corresponding output of the lower 
60% range. The net deficit of 67.9 million tons 
is the difference between these two totals; 
when we distribute it over the five below- 
average years, our estimate of average outpüt 
shortfall due to asymmetric impact of weather 
in a below-average year turns out to be 13.6 
million tons. Therefore, we subtract 13.6 mil- 
lion tons from the output estimate of the lower 
range of the 60% confidence interval in a 
below-average year. 

How do the estimated outputs in table 1 
compare with actual Soviet performance dur- 
ing the Tenth Five-Year Plan from 1976 to 
1980 and targets of the Eleventh Plan ending in 
1985? (As far as the amount of grain produced 
is concerned, the calendar year and the USDA 
consumption year [July 1 to June 30] are 
interchangeable.) First, the below-average 
and above-average grain output estimates sug- 
gest that with a 60% confidence interval, 
Soviet grain output can vary as much as 48.6 
million tons (that is, 35 plus 13.6 for weather 
asymmetry) in a given year. Second, actual 
average output between 1976 and 1980 was 
205.1 million tons. Allowing for actual weather 
during 1976-80 and subtracting 13.6 million 
tons from the output of each of the two 
below-average years of 1979 and 1980 to allow 
for the asymmetrical input of bad weather, we 
get an estimate of the annual output during the 
Tenth Five-Year Plan of 205.7 million tons, 
close to the actual output of 205.1 million tons. 
Finally, the estimated average output during 
1981/82-1985/86 is 234.8 million tons. This in- 
dicates that the Soviets will fall short of their 
Eleventh Five-Year Plan target of 238-43 mil- 
lion tons by 3-8 million tons. Undoubtedly the 
Soviet planners will revise their target. 

In conclusion, we must emphasize that we 
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will estimate grain imports in 1981/82 by em- 
ploying both our predicted output of 194.1 mil- 
lion tons (207.7 minus 13.6 for weather asym- 
metry) and the USDA estimate of 175.0 mil- 
lion tons. 


Estimating Feed Grain Requirements 


Our prediction of feed grain requirements 
from past patterns must take account of the 
Soviet decision to increase consumption of 
meat and dairy products without livestock 
slaughter when harvests fail. The implementa- 
tion of this policy becomes evident in 1971 
when the Soviet planners began substantial 
imports of grain to make up, although par- 
tialiy, the shortfall in domestic production. 

Accordingly, we use equation (2) to predict 
feed grain use. In this equation, we regress 
feed grain use between 1955/56 and 1980/81 on 
time and a simple dummy variable of 1 begin- 
ning from 1971: 


(2) 
— 177.0429 + 11.9731 (dummy) + 3.4367t, 
(7.1016) (1.9537) (9.1480) 
where R? = 0.9465, DW = 1.1577, SER = 
7.9571, and t = 55, 56,..., 85. 


We present the feed grain estimates of equa- 
tion (2) from 1981/82 to 1985/86 in table 1. 
These suggest that the use of feed grain will 
increase during the period, reaching a level of 
144 million tons in 1985/86. Taking account of 
the disastrous 1981 harvest, we shall employ 
an estimate of feed grain use of 125 million 
tons in 1981/82 instead of 129.5 million tons 
resulting from equation. (2). 


Estimating Seed Requirements 


We use equation (3) for extrapolating seed 
use. It is estimated from seed use data from 
1955/56 to 1980/81: 


(3) (seed use), = —7.5077 + 0.46567, 
(3.8629) (16.2715) 


where R? = 0.9169, DW = 1.0450, and SER = 
1.4937, and t = 55, 56,..., 85. 

The estimates of seed requirements based 
on this equation, presented in table 1, increase 
steadily through 1985/86. 
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Estimates of Industrial and Personal 
Grain Consumption and the 
Waste Dockage Discount 


We assume that industrial and personal grain 
uses will remain stable at 4 million tons for 
industry and 46 million tons for people, a total 
of 50 million tons. 

We also assume the discount for dockage 
waste to be 5% for below-average, 10% for 
average, and 12.5% for above-average produc- 
tion. The USDA discounts production 1596 
when too much precipitation causes abnormal 
amounts of moisture, weeds, and seeds to ap- 
pear in harvested grain in an above-average 
year. However, our adoption of the narrower 
60% confidence interval rules out the occur- 
rence of such abnormally moist weather. 


Predicting Exports between 
1981/82 and 1985/86 


Soviet exports of grain, mostly wheat, have 
declined from plan to plan in the past. We 
assume that exports between 1982/83 and 
1985/86 will consist of wheat and rice and will 
average the recent level of 2 million tons, with 
the actual amount and its breakdown deter- 
mined by the specific circumstances of a given 
year. For 1981/82, we assume that the Soviet 
Union, dealing as it is with three successive 
harvest failures, will decide to export no more 
than 1 million tons of rice and wheat. 


Estimating Changes in Grain Reserves 


The shortfall between domestic output of grain 
and requirements for feed, seed, industrial and 
human consumption, dockage waste, and ex- 
ports can be met by reducing stocks or by 
importing grain. However, official information 
on the current size of grain reserves as of 1 
July 1981 is not available. Measures taken to 
combat the decline in grain output in 1979 and 
1980 help us resolve this issue. 

Premature slaughter of livestock and decline 
in meat and milk outputs indicate a strenuous 
feed grain situation, despite massive imports 
of 31 and 35 million tons of grain, in 1979/80 
and 1980/81. Availability of grain reserves for 
meeting grain shortages beginning from 1 July 
1981, therefore, seems doubtful. We further 
assume that the Soviet planners will decide to 
avoid a recurrence of the recent scramble for 
grain imports, the involuntary slaughter of 
some livestock, and a further decline in meat 
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output by adding to grain reserves at the rate 
of 5 million tons each year during the five 
years beginning 1 July 1981. 


Predicting Future Weather and Output 


Predicting the impact and occurrence of future 
weather with a precise sequence of average, 
below-average and above-average years is im- 
possible. We, therefore, merely resolve the 
issue of their occurrence by observing their 
frequency between 1955 and 1980 in terms of 
the 60% confidence interval. As we have al- 
ready indicated, a 60% confidence interval 
leaves five years clearly outside the lower 
range (below average) and five years outside 
the upper range of the interval (above aver- 
age). The remaining sixteen observations, that 
is, approximately 6076 fall in the average 
range. 

We therefore assume that the weather be- 
tween 1981 and 1985 will be average, below- 
average, and above-average in the same pro- 
portion. That is, three years will be average, 
one year will be above-average, and one year 
will be below-average. We adopt this shaky 
procedure because we are unable to find a 
firmer one. We also cannot predict the se- 
quence of these years. 

Finally, since 1981/82 has already been a 
below-average year, we have three average 
and one above-average years for the remain- 
ing period up to 1985/86. 


Estimates of Grain Imports between 
1981/82 and 1985/86 


All the components of availability and use as 
estimated above are stated in table 1. We em- 
phasize that, for 1981/82, we also work with 
the USDA estimate of output at 175.0 million 
tons (our forecast is 207.7 for below-average 
weather minus 13.6 million tons for the impact 
of weather asymmetry, that is, 194.1 million 
tons); the corresponding dockage waste dis- 
count is 8.8 million tons; we assume feed use 
of grain at 125.0 million tons (instead of the 
predicted 129.5 million tons) because of some 
depletion of livestock; finally, exports are as- 
sumed at 1 million tons (instead of 2 million 
tons annually during the remaining period) and 
addition to stocks at 5 million tons. All the 
estimates between 1982/83 and 1985/86 are our 
forecasts. 

Three conclusions emerge from our exer- 
cise: first, the Soviet Union will require grain 
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imports of 45 million tons during 1981/82. Sec- 
ond, imports can be 13.5 million tons in an 
average year; even in an above-average year, it o 2 
would be necessary to import grain of up to 4 3 = genase! o 
million tons; but most significantly, imports in É z2 x PO ade 
a below-average year can be as massive as E hs 
32.0 million tons; that is, 18.4 million tons plus B £g mwn = 
13:6 million tons to allow for the asymmetric ge Sam 
impact of weather. Finally, our estimates indi- " 
cate average annual imports between 1981/82 a Hoe DM 
and 1985/86 of up to 17.9 million tons. È ABM Om] 6 
o 
Pg e Ont 
Estimates of Wheat Imports 2 E $ mendum 
| 8 E. 
We predict wheat output on the basis of the D = z » DS 
linear trend of past output between 1955/56to 9| 9 $9 NO NOS 
1980/81. The forecasting equation is as fol- g 3 Aa 
lows: A & 
Z a nnee 
oo o Soom 
(4) (wheat output), = 56.6902 + 1.7831r, E E EEE 
(10.7784) (5.2430) E 
where R? = 0.5339, DW = 2.3722, SER = E $ x "ET 
13.006, and ¢ = 1, 2, .. . , 31. B $25 7 ác dic 
We estimate wheat outputs with a 70% n < 3 
confidence interval, again with the lower esti- $ 2 
mates characterized as below-average and the x E E 
upper, as above-average. The intermediate ., 28 g wa 
trend estimates are average outputs. As be- § KE 3 rd des 
fore, this procedure is necessary because the $ SIE 
weather-induced variability of annual output, D 
indicated by the' estimated standard error of &| 2 E 
13.0 million tons in equation (4), renders point "T 8$ sz 
I Š nt Su coooo 
estimates meaningless. D 2g B 8 PII 
We have selected the 70% confidence inter- g 2 E 
val because it is clear from observing the & Ó 
wheat output data that it leaves seven (that is, „$ 
approximately, 27%) of the observations be- $ 3 adage 
tween 1955/56 and 1980/81 outside the inter- È YT 
val. (If we select the narrower interval of 60%, w " Gee 
the number of observations outside the inter- ; 2 PES es 
val increases only slightly, to 8.) Of these, 5 
three (1963/64, 1965/66, and 1975/76) are out- = o9 " nina aces 
side the lower range, and four (1966/67, 1970/ & $ B 4  SSda4 
71, 1973/74, and 1978/79) are outside the upper: = <z aa xe c EE 
range. Moreover, we do not observe the & 
asymmetry in the location of the below- and & i 4 ? omens 
above-average observations. All three below- w| 3 a8 SIFFS e 
average and the three above-average observa- E e ib à 
tions (with the fourth for 1970/71 almost on the 8 d ast 
boundary) are located at roughly the same dis- E B z2 2 = d M S i 
tance from the interval boundaries. 2 RR SSSsosan S 
We state the output estimates in table 2. |; a 
Actual wheat output during 1976-80, when «œ EtEPRSEEBEZSS E 
averaged over the five years, was 99.6 million £ 3 See aS E 3 235 d 
tons. Our corresponding estimated output = ARRAAAAARAS 
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with suitable allowance for weather is 99.4 
million tons. 


Estimating Wheat Use for Feed, Seed, 
Human and Industrial Consumption, 
and Dockage Waste 


It is difficult to predict use of wheat for live- 
stock feed. The current practice is to use im- 
ported high-grade milling wheat for producing 
bread and divert domestic low-grade wheat for 
livestock feed. With rising domestic produc- 
tion of high-grade wheat, the Soviet planners 
would find it more efficient to curtail imports 
of wheat and, instead, import increasing 
amounts of coarse feed grain, which is cheaper 
and provides more calories per unit of intake. 

We therefore proceed to estimate wheat use 
for feed by assuming some substitution within 
feed grain in favor of coarse grain. That is, 
with feed grain use rising, we assume the use 
of wheat for livestock feed to be almost con- 
stant. Accordingly, we use the estimates of 
feed use of wheat for 1981/82-1985/86 of the 
East Europe USSR Branch of the USDA from 
Malish (1981). These are stated in table 2. We 
also use the projections for seed use and in- 
dustrial and human consumption of wheat for 
198 1/82-1985/86 cited in Malish. 

We assume dockage waste for wheat at 10% 
of average output, 5% of below-average out- 
‘put and 12.5% of above-average output. 


Predicting Exports and Changes in Wheat 
Reserves between 1981/82 and 1985/86 - 


We assume that the Soviet Union will export 
1.0 million tons of wheat and rice in 1981/82 
and 2.0 million tons thereafter, with exports of 
rice at 0.5 million tons annually. Furthermore, 
the decision (assumed by us) to add to grain 
reserves at the rate of 5.0 million tons annually 
will result in the addition of 5.0 million tons of 
wheat in 1981/82 (Malish) and thereafter, of 
2.0 million tons of wheat and 3.0 million tons 
of coarse grain. Our numbers are not based on 
firm indications of Soviet grain reserve poli- 
cies and are somewhat speculative. The rele- 
vant consideration is that the Soviet Union has 
long-term agreements for wheat imports of at 
least 7.0 million tons; therefore, ceteris 
paribus, the pressure to add to wheat reserves 
is less except in 1981/82 as the first priority. 
On the other hand, coarse feed grain, espe- 
cially corn, is more difficult to procure in 
world markets and also more urgently needed. 
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This should be a relevant consideration in the 
Soviet planners’ decision to add to reserves of 
coarse feed grain as well. 


Estimates of Wheat Imports between 
1981/82 and 1985/86 


All the components of availability and use of 
wheat are stated in table 2. Two conclusions 
emerge from observing the data: first, in aver- 
age and below-average years, our estimated 
wheat imports of 6.4 and up to 14.1 million 
tons will be a little less than half of grain im- 
ports of 13.5 and up to 32.0 million tons. Sec- 
ond, in above-average years, the Soviet Union 
might export wheat of up to 4.2 million tons 
(this includes the commitment to export 0.5 
million tons of wheat in 1981/82 and 1.5 million 
tons annually thereafter). 


The Problems and Possibilities of 
Estimating Soviet Grain Output 
Using the Results of 

Production Functions 


In the preceding section, we predicted Soviet 
grain production using past trends. In this sec- 
tion, we explore the possibility of predicting it 
using production function estimates. 


Specification and Estimation of the 
Production Function 


We define the agricultural production function 
as 


(5) Q = AeMK MRL", 


where A > 0,0 xo, = 1, anda, + os + a3 + 
Q4 = 1. 

The dependent variable Q stands for agricul- 
tural output. We represent it with Western 
gross and net measures, both in 1968 rubles 
(from Whitehouse and Havelka 1973, Carey 
1976 and Carey and Havelka 1979). The 
former includes inputs from agriculture, such 
as feed grains, going into animal husbandry, 
whereas the net measure subtracts them. Both 
measures are net of trash, moisture content, 
and waste in storage and transportation. 

The explanatory variables in equation (5) 
are capital stock (K) in agriculture from Soviet 
sources, labor employed (M) in agriculture as 
estimated by Rapawy (1980), current inputs 
(R) in agriculture as estimated by Diamond 


318 May 1982 


(1966, Diamond and Krueger 1973), and area 
sown (L) during the agricultural year as given 
in Soviet sources. 

In addition to capital stock, labor in man- 
hours, current inputs, and sown area, we in- 
clude dummy variables for weather, with each 
year in the period classified as average, 
above-average, and below-average on the 
basis of the number of grain-growing regions 
that can be classified in that year as deserts 
and steppes. These classifications for the 
twenty-seven grain-growing regions of the 
USSR are made in a recent report of the Cen- 
tral Intelligence Agency (CIA 1976) for the 
sixteen-year period 1960—75 on the basis of the 
Koppen method of weather classification. On 
the basis of this information, we classify five 
years (1969, 1970, 1971, 1973, and 1974) with 
less than three steppe and desert regions as 
above-average (one year had none), and four 
years (1960, 1962, 1963, and 1975) with more 
than eleven steppe and desert regions as below 
average (one year had sixteen). Furthermore, 
we classify 1976 and 1978 as above average on 
the basis of the weather information available 
from the annual reports of the USDA on ag- 
ricultural situation in the USSR. Both these 
sets of years are then assigned dummy vari- 
ables of 1. The remaining years (including the 
entire pre-1960 period) are assigned values of 
0. 

Some preliminary results of estimating equa- 
tion (5) indicate that it is not possible to esti- 
mate the coefficients of capital and current 
inputs because both the series grow over time 
and are highly collinear. We therefore merge 
capital, with an 8% return, with the current 
input series. We then discover that the esti- 
mates of the technical change and the input 
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coefficient are strongly collinear for capital 
plus current inputs. We then redefine the pro- 
duction function as in equation (6) below and 
estimate it without a technical change param- 
eter: 


(6) Q: = B Cf: Mf LP ett, 


where B > 0,0 < B, 1, 8; + Bs + B; = 1, and 
C, represents capital stock with an 8% annual 
flow plus current inputs. The other variables 
are defined as before. The results are in table 
3. 

One striking feature of the estimates is the 
asymmetric impact of weather on output indi- 
cating a decline in output, caused by below- 
average weather twice as large as the gain in 
output resulting from above-average weather. 


Predicting Future Output of Grain and 
Inputs in Agriculture and 
Weather during 1981—85 


Taking past and recent growth patterns into 
account, we assume that agricultural capital 
stock will grow 7% and current inputs, 5% 
each year; that man-hour application will de- 
cline 0.5% annually; and that the amount of 
cultivated land in agriculture will remain fixed 
at 218 million hectares. We shall assume as 
before that the years 1981 to 1985 will have 
three average years, one above-average year, 
one below-average year. We will ignore the 
sequence of their occurrence. Because our es- 
timated production function parameters al- 
ready account for the asymmetry of weather's 
effects on output, we will not allow for the 
asymmetry separately in these forecasts. 


Table 3. Production Function Estimates for Agriculture, 1950/78 











Coefficients 
Capital and 
Current Above- Below- 
Inputs Labor Land Average Average 
Measures Bi Bs Bs Weather Weather InB Re DW 
Western 
gross ; 
output 0.3870 0.1573 0.4557 0.0301 —0.0785 0.2479 0.9793 1.5433 
(9.0270) (2.6409) (1.1325) (2.6699) (0.9565) 
Western 
net 
output 0.3360 0.0685 0.5954 0.0314 — 0.0853 —0.1137 0.9754 1.6611 
(7.4982) (3.3009) (1.1297) (2.7756) (0.4197) 
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Converting Predicted Agricultural Output 
into Tons of Grain Output 


We use the estimates in table 3 derived from 
Western gross output for our forecasts of grain 
imports. To convert the predicted ruble values 
of these outputs into the comparable Soviet 
tonnage measure, we first assume that the 
ratio of the 1968 ruble measure and the under- 
lying Western tonnage estimate for 1981—85 
remains the same as for the period 1960—75. 
We multiply the ruble estimate by this esti- 
mated ratio, 1.3209, to get the corresponding 
tonnage estimate. We then divide the latter by 
0.6302, producing the comparable official 
Soviet measure of grain output, because the 
official Soviet figures for grain tonnage must 
be discounted by 0.6302 to get the Western 
grain tonnage figures. 

The resulting estimates of grain output and 
the corresponding imports are stated in table 
4. First, for the period between 1976/77 and 
1980/81 of the Tenth Five-Year Plan, grain 
output averages 204.8 million tons. The actual 
output was 205.1 million tons. Second, our 
estimated weather parameters do indicate the 
asymmetric impact of below-average weather. 
Finally, with grain use in various categories 
defined as before, we note that grain imports 
in average years average at 14.3 million tons, 
in below-average years at 19.3 million tons, 
and in above-average years at 13.8 million 
tons. The corresponding import figures from 
the trend methodology are 13.5, 32.0, and 4.0 
million tons. It would seem that the import 
values for below and above-average years 
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from our production function estimates could 
perhaps be made more realistic by adopting 
more appropriate weather variables. 


Estimates of Grain Imports from Regression 
Estimates of Import Demand Function 


We make the final set of estimates of grain 
imports for 1981/82-1985/86 by fitting Soviet 
import data for grain directly to several 
explanatory variables. 

The explanatory variables are output of 
grain (Qc), price in dollars per metric ton of 
imported grain (Pe), production of meat (Qy) 
and number of livestock (Q,). We estimated 
the regressions, both linear and log-linear, for 
the period 1950—79. All the data are from 
Soviet sources and are for calendar years. 
Among the explanatory variables, we lag 
domestic grain output (Q,) and price per ton 
of imported grain (Po) by one year to account 
for the lag between the decision to import 
grain and its delivery. The dependent variable, 
grain imports (Ie) is specified on a gross basis. 
Finally, we introduce a dummy of 1 from 1971 
to reflect the shift in policy mentioned above. 


Characteristics of the Actual 
Import Pattern 


We must interpret the estimated parameters in 
terms of the analytical framework suggested 
by the actual Soviet import pattern during the 
period, including the change in policy that be- 
came evident in 1971. We proceed on the basis 


Table 4. Estimates of Grain Output Based on Production Function Parameters for Agriculture, 


1976/77--1985/86 and Imports, 1981/82-1985/86 











Dockage Waste Imports 
Below Above 
Average Average Average Below Above Below Above 
Year Output Output Output Average Average Average Average Average Average 
————————-——------2-22--2------------ (Million Tons) -------------------------------- 
1976/77 204.697 
1977/78 203.615 
1978/79 215.732 
1979/80 197.756 
1980/81 202.174 
1981/82 223.593 206.714 230.425 23.6 10.3 28.8 15.7 19.3 14.1 
(175.0) (8.8) (45.0) 
1982/83 228.589 211.331 235.576 22.9 10.6 29.4 15.1 20.1 14.6 
1983/84 233.697 216.054 240.839 23.7 10.8 30.1 14.9 19.6 14.2 
1984/85 238.969 220.927 246.269 23.9 11.0 30.8 13.9 19.1 13.5 
1985/86 244.334 . 225.885 251.799 24.4 11.3 31.5 13.2 18.5 12.8 
Annual average imports between 1982/83 and 1985/86 14.3 19.3 13.8 
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of the following characteristics of grain im- 
ports during the period. 

First, the Soviets do not use imports to 
make up the entire shortfall of domestic pro- 
duction. Rather, a shortfall is usually accom- 
panied by other measures, such as rationing of 
bread, slaughtering of livestock and reduction 
of stocks. Therefore, we reject values of the 
estimated coefficients of imports (Ig) in rela- 
tion to domestic production (Qc) that are 
greater than 1 in the linear relationship. The 
signs of the estimated parameters should, 
however, be negative. Second, while it is rea- 
sonable to assume that the Soviet planners do 
not make up the entire shortfall in domestic 
production with imports, the amount of grain 
imported will be influenced by the amount of 
grain produced domestically. Therefore, we 
will use the below-average and above-average 
outputs generated by the 60% confidence 
interval to estimate the corresponding 
amounts of grain imports. Third, we must 
speculate also on the response of imports to 
prices of grain (Po) lagged by one year. One 
would assume that the price elasticity re- 
sponse is low, perhaps less than 1 in the log- 
linear relationship because Soviet import deci- 
sions in the past were influenced by consid- 
erations other than price. From 1971, the im- 
portant consideration is to maintain livestock 
inventories as it will continue to be in the 
future. Therefore, price will not have a deci- 
'sive effect on imports. In any case, the signs of 
the estimated coefficients should be negative. 
Finally, we need to discuss the implications 
for grain imports of Soviet meat production 
(Mo) and livestock inventories (Q,). These are 
straightforward because rising meat produc- 
tion and livestock inventories would, other 
things being equal, require feed grain inputs, 
including those from imports, to increase, so 
that the sign of the estimated parameter will be 
positive. 


Estimation Procedure and Criteria of 
Selecting the Preferred Regression 


Preliminary results indicated high collinearity 
between meat production (Q4) and time (t) 
and between livestock inventories (Q;) and 
time (t). Also, meat production (Qy) and live- 
stock (Q,) are economically more meaningful 
variables, but time (t) is easier to forecast. We 
therefore present and use all three equations 
below, each with meat production (Qy), live- 
stock inventories (Q,) and time (t) for our 
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calculations because they cannot be distin- 
guished on the basis of the statistical criteria. 
Second, the estimated parameter with regard 
to price of imported grain (Pg) is always statis- 
tically nonsignificant. Furthermore R* im- 
proves when we omit it from consideration. 
Finally, when we attempted improving the 
DW statistic with first-order serial correlation 
correction, R? dropped significantly’ in all 
cases. 

We present below the regression estimates 
from the linear trend of imports (Ig) between 
1950 and 1979 on (Qc): (Qu), (Q1), time (1), 
and dummy variable 0 (up to 1970) and 1 (after 
1971) which were statistically most | satisfac- 
tory: 


C): Ug) = 7.3000 — 0.1165(Q6)-1 
(2.0905) (2.9086) 
+ 0.8831(f) + 10.20865 (dummy), 
(3.7924) (3.8676) 


where R? = 0.7985, SER = 3.9320, DW = 
1.3570; 


(8 (gj, = —1.4522 — 0.1171(Q9.., 
(0.3831) (2.2160) 
+ 2.0879(Q,), + 11.0431, 
(2.6567) (3.7144) 


where R? = 0.7525, SER = 4.3581, DW = 


1.3061; and 


(9) (Ig), = —24.4093 — 0.1075(Qg),-1 
(2.6808) (2.4385) > 
+ 0.3683(Q,),; + 11.1096 (dummy), 


(3.1341) (4.0281) 
where R? = 0.7721, SER = 4.1815, DW = 
1.4644;t = 1,2,..., 35 in all the equations. 


The equations suggest an extremely stable 
and interesting pattern of the effects of the 
explanatory variables on Soviet grain import 
behavior. The coefficients of 0.11-0.12 for 
domestic grain output imply that only 0.11 to 
0.12 million tons of grain are imported to offset a 
million ton decline of grain output. Also, the 
decision to increase meat and dairy products 
output from 1971 without slaughtering livestock 
will add 10 to 11 million tons to grain uos 
each year. 


Estimates of Grain Imports 


We employ equations (7), (8), and (9) for es- 
timating grain imports for 1981—85 for below- 


.average weather only. These are shown in 


table 5. We assume that below-average grain 


Desai 
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Table 5. Estimated Grain Imports in Below-Average Years from Import Demand Equations, 











1981-85 ` 
Equation Equation Equation . Meat Rate of Livestock Rate of 
Year 9) | (8) |^ - (9 Output Growth: 'Numbers Growth 
edalrk e deer (Million Tons) ----------- (96) (Million) (96) 
1980 ; e zy 15.1 . i 
1981 32.9 28.8 31.1 15.3 1.5 . 148.8 € 
1982 36.1 31.7 33.7 15.6 2.0 150.3 1.0 
1983 33.7 29.5 33.6 16.1 3.0. 152.6 | 1.5 
1984 34.1 30.4 . 32.0 16.7 4.0 154.9 1.5 
1985 734.5 31.5 32.8 17.4 5.0 158.0 2.0 
Average 
annual 
imports 34.3 30.4 32.6 





output for 1981-85 will be the same as given in 
table 1; the rates at which we have predicted 
future meat output will rise from the actual 
level of 15.1 million tons in 1980 to the 
targeted level of 17.4 million tons in 1985; simi- 
larly, starting with a depressed level of 148.8 
million head in 1981, livestock inventories are 
also assumed to build up gradually. Finally, 
the estimates resulting from the equations 
refer to Soviet import data for calendar years; 
they are adjusted upward by 23% to bring 
them in line with USDA import data of the 
preceding sections which are for a consump- 
tion year lasting from 1 July to 30 June. Fi- 
nally, we add 5.0 million tons each year to 
allow for our assumed requirements that grain 
reserves be augmented annually by that 
amount. 

Our resulting average annual import esti- 
mates ranging from 30.4 to 34.3 million tons 
from the three equations are remarkably 
steady; the estimates are also close to the im- 
port estimate of up to 32.0 million tons for a 
below-average year from the trend method- 
ology. 


The Hard Currency Costs of Grain Imports 


Our estimates from the trend methodology of 
the first section indicate averagé annual im- 


ports between 1981/82 and 1985/86 of up to: 


17.9 million tons. Furthermore, they also indi- 
cate imports of up to 32.0 million tons in a 
below-average year. The latter figure is further 
supported by all the estimates from the import 
demand equations. 

According to information in a World Bank 
report, the price of grain per ton is expected to 
rise from $165 in 1979 to $274 in 1985. An 
average price of $220 per ton would give an 





annual import bill, for financing up to 18 mil- 
lion tons of grain, of about $4.0 billion annu- 
ally. 

Can the Soviet planners afford to spend the 
hard currency? If we assume Soviet hard cur- 
rency export earnings to increase annually at 
the rate of 15% in 1979 and 1980, and if this 
rate slows 196 annually to 1026 in 1985, then 
the annual grain import cost of $4.0 billion will 
be 2096 of the projected hard currency mer- 
chandise earnings in 1981, and 13% of these 
earnings in 1985. We can expect the amortiza- 
tion of debt to increase from about 27% of 
these earnings in 1981 to 3196 in 1985, leaving 
the Soviet Union with 5395-5696 of its hard 
currency export trade for machinery imports 
from the West. Considering that the hard cur- 
rency earnings do not include receipts from 
sales of arms and nonmonetary gold or from 
transport and tourism, the grain import bill 
estimated by us seems to be manageable. 
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China As a Factor in the World Food 


Situation 
Anthony M. Tang 


To see China as a factor in the world food 
situation it is necessary to examine worldwide 
trends first. Ever since Malthus's dismal pre- 
diction, alarmists have periodically foretold 
approaching disaster, only to be followed by 
alternating waves of optimism accompanied 
by surges in food production. Globally, the 
historical trends have been reassuring about 
man's ability to keep food output growth 
ahead of population growth. The race has been 
won despite the fact that since the end of the 
eighteenth century the world has witnessed an 
unprecedented population explosion, with 
mankind multiplying himself by about four and 
a half times. The burgeoning numbers have 
been attributable mainly to exogenous im- 
provement in medicine and health measures 
rather than to the workings of the forces re- 
sponsible for the so-called *'demographic 
transition” in economic development. The fu- 
ture appears more reassuring in this regard as 
the developing nations appear finally to have 
entered the transition phase and begun to 
show noticeable declines in fertility (Wortman 
and Cummings, p. 29). Falling fertility rates 
are expected to continue among the develop- 
ing nations, with total world population reach- 
ing perhaps 6 billion by the year 2000 instead 
of the much higher earlier forecasts, possibly 
stabilizing itself as early as 2020. This hardly 
suggests, however, that the increase in the 
number of mouths to be fed will not be sub- 
stantial in the period ahead. World population 
will have risen by more than 70 million in 1981 
alone, and by the year 2000 the annual in- 
crease may be half again as large as at present. 

What are the prospects for food production, 
in particular grain output? The historical rec- 
ord and thoughtful assessment of the key 
factors at work probably warrant cautious op- 
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timism. World grain output has kept ahead of 
multiplying numbers. Per capita consumption 
has risen strongly in the high income countries 
and at least marginally in the less developed 
world. U.S. Department of Agriculture 
(USDA) world crop production statistics puts 
total world grain output (wheat, coarse grains, 
milled rice) at an annual average of 851 million 
tons in the early 1960s. By 1980/81, roughly 
two decades later, it has reached 1.44 billion 
tons, a rise of nearly 7076, or an average rate 
of nearly 396 a year. The average leaves a 
margin of 1% a year as per capita improve- 
ment. These averages mask the fact that in the 
1970s aggregate performance showed some 
weakening. The commodity crunch of 1972- 
74, coming on top of unusually strong global 
economic growth, decimated the U.S. food 
stockpiles and its set-aside acreages. The mar- 
Bins have been built up, however. According 
to USDA estimates, the world entered the 
1980s with about the same stocks-to-consump- 
tion ratio in grains as a decade ago, about 16%, 
or a 60-day supply. Concern centers on the 
uncertain Soviet grain output and the distribu- 
tion of cost and responsibility of the world's 
reserves. U.S. government agencies (USDA 
and CIA) tend to project an extension of past 
margins with output overshadowing popula- 
tion in growth, while stressing the technical 
possibilities for the predicted outcome. De- 
spite lack of consensus, it is probably prudent 
to share Barnett's considered judgment for the 
balance of the century that the outlook ‘‘does 
not justify apocalyptic predictions of disaster" 
(p. 279). 

There are several points on which there is 
general awareness and some agreement. (a) 
Though technically plausible, the worth of the 
relatively sanguine forecasts hinges on re- 
sponsible and effective government policies in 
economic and demographic domains. It is well 
to note, however, some new technological di- 
rections of possibly great future import. The 
new plant and animal genetics opens up a 
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boundless horizon beyond the once-exciting 
Mendelian confines of cross-breeding. No-till- 
age farming offers a possible solution to an 
old, but once again threatening, problem of 
massive soil erosion (wind-borne or oth- 
erwise), as well as prospects of growing field 
crops on slope land. (b) Even if the global 
balance continues to hold with a positive edge 
for further diet improvement, enormous prob- 
lems of distribution remain. These problems, 
indeed, are almost certain to grow, with the 
United States continuing to expand its role as 
the major supplier of food in the world market 
and the low income countries increasing their 
dependence on food imports. Actually, food 
production has been increasing at a slightly 
faster rate in the developing world—at 3% be- 
tween 1954 and 1973—than in the developed 
countries—at about 2.7%. The former's def- 
icits were attributable primarily to its higher 
population growth and income elasticity of 
demand for food. One estimate places the de- 
veloping world's (excluding China in the con- 
text of all these discussions) dependence by 
1985 at two to three times the 1970 level of 
23.5 million tons, matched by a comparable 
current surplus from the developed countries 
(Schertz, p. 30, and Barnett, p. 281). Such 
increasing dependence is expected to obtain 
despite the fact that high income, large, 
grain-producing countries consume enormous 
(and increasing) per capita quantities of grain 
via indirect forms of consumption. More grain 
is consumed by livestock in the United States 
and the Soviet Union than by all the people in 
the developing world—which includes about 
half the world population, with China ex- 
cluded (Brown and Shue, p. 2). Hunger is not 
a technical necessity, it is an economic phe- 
nomenon. As Charles Shuman puts it, ‘‘there 
are no hungry people where there is money to 
buy food’’ (Brown and Shue, p. 2). 

Perhaps less familiar to us are three other 
related points. (a) Rising livestock numbers 
provide added scope for adjustment of food 
supplies in response to output fluctuations. 
This is illustrated by the dramatic 1974-75 re- 
duction in livestock feeding in the United 
States, which took place when grain supply 
shortfalls drove up feed prices relative to live- 
stock product prices, thus increasing grain 
availability for nonfeed use both here and 
abroad. The latter use represents an effective 
way of stretching short supplies, an adjust- 
ment that is both automatic and relatively 
painless. (b) The cushion provided by live- 
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stock in the high income countries served to 
dampen world market price shocks which 
would have been all the sharper because of the 
inability (some say unwillingness) of the low 
income countries to allow price to function as 
a rationing device and reduce the already nu- 
tritionally vulnerable level of grain consump- 
tion of their poorest people. According to 
figures cited by Mellor, for the lowest income 
countries a 10% decline in grain supply may 
lower by as much as one-third the real incomes 
and grain consumption of their poorest people, 
while the top 596 income receivers may ex- 
perience only an 8% drop in real income and 
virtually no reduction in grain consumption 
(IFPRI, p. 2). 


China as a Historical Factor 


World food studies have tended to pay little 
attention to China under the implicit assump- 
tion that the country, however large, has been 
essentially self-contained in food balance 
terms and likely will remain that way. For a 
society closed until just recently, little under- 
stood and analyzed except by a small corps of 
frustrated China watchers, that tendency was 
perhaps natural. In this connection, Barnett's 
recent definitive study of the Chinese econ- 
omy in global perspective, a major part of 
which is devoted to food, cannot be more 
timely or helpful. The purpose of this paper, 
thus, is to complement Barnett's tour de force 
by focusing on certain aspects not stressed by 
him and by doing some updating. In doing so 
we shall take up (a) the internal workings of 
Chinese agriculture within the context 
fashioned by the Chinese Communist Party 
(CCP) and its economic design, (b) the impli- 
cations of current reforms and the ongoing 
readjustment, and (c) an assessment of future 
prospects in light of the historical record and 
current changes. 


Some Comparative and Perspective 
Statistics 


China is by a considerable margin the largest 
nation in the world. It produced in 1980/81, 
according to USDA statistics, 275.9 million 
tons of grains (wheat, coarse grains, rough 
rice), or 17.7% of the world total. It feeds 
some 23% of the world’s population. It is the 
dominant rice producer, accounting for 35.2% 
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of the world total in 1980/81. Its shares in 
wheat and coarse grain output are, respec- 
tively, 12.4% and 11.4%. It ranks third in fer- 
tilizer production while remaining in recent 
years the world's largest importer (absorbing a 
staggering peak total of 2.2 million tons in 
nutrient weight in 1978) of chemical fertilizers. 
Beginning with its role of a relatively minor 
net food exporter in the 1950s, by the late 
1960s it ranked between the tenth and the 
twentieth in total value of agricultural trade. In 
1980/81 its wheat imports (13.8 million tons, 
up sharply from 8-9 million tons during the 
three preceding years) were second only to 
Russia's, accounting for 14.8% of total world 
imports. Chinese rice exports have averaged 
around 10% of the world total in the late 1970s, 
but recent drops brought its share to a low of 
just under 5% in calendar 1981. These statis- 
tics make it plain that China looms large in 
global food situations, that the country's role 
in world food trade has been increasing, and 
that fairly small relative changes in its food 
balance, either as short-run manifestations or 
as long-term trend tendencies, translate into 
large absolute magnitudes with serious impact 
on the global picture. In the following histori- 
cal section we shall draw on our earlier studies 
for a summary of the workings of the forces 
responsible for the secular and short-run dis- 
equilibria in Chinese food balance. 


The Chinese Historical Record —Trend 


Because of the value-goal imperatives of the 
CCP, the development strategy of the People's 
Republic of China centers on the modern 
heavy industrial sector whose absolute size 
determines national power. It requires a com- 
mand economic system for implementation 
because of the underlying need for mobilizing 
resources. The uncommon sense of urgency 
and the maximum-speed growth philosophy 
symbolically turn bread into an intermediate 
good and steel becomes the final good. Ag- 
riculture plays a supportive role, supplying in- 
dustry with the wage good, labor, raw mate- 
rials, and exportables. Its contribution to the 
growth process lies not so much with its out- 
put as with the ‘‘agricultural surplus" which 
the state siphons off. Owing to China's un- 
favorable initial condition, agriculture became 
the binding constraint on industrialization 
(Tang 1968). Operationally, it became neces- 
sary for the planner to apply maximum 
squeeze on agriculture and to attempt to de- 
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velop the sector at the same time, a task 
fraught with difficulty. Even so, gross farm 
output (in constant 1952 prices) more than 
doubled during 1952-80, with the output index 
reaching 23796 (1952 — 100) in 1980, a credit- 
able record yielding an average annual com- 
pound growth rate of about 3% (as estimated 
from the exponential trend). Aggregate out- 
put, along with the input series, is estimated 
by us for the entire period (Tang 1981, Tang 
and Huang) and can be reconciled reasonably 
with the official data fragments since 1977. 

The aggregate input index, however, rose 
even more rapidly, reaching 260% in 1980. 
Both total factor productivity and primary fac- 
tor productivity dropped as a consequence. 
Value added per worker (in 1952 prices) fell by 
26% from the 1958 peak of 280 yuan. More 
serious from the standpoint of the two-sector 
model, priority industry suffered serious re- 
verses in the terms of trade that governed real 
resource flows between the two sectors. In 
exchange for a roughly constant fraction of 
total agricultural output (about 25%), indus- 
try's supply of inputs for agriculture has risen 
from less than 1076 in 1952 to nearly 4096 of 
total agricultural output, industry's supply of 
inputs for agriculture has risen from less than 
10% in 1952 to nearly 40% of total value of 
agricultural output in 1980. Chinese output 
growth has been clearly high-cost growth. To 
help cover the rising cost in real terms, Peking 
has found it necessary to alter prices paid and 
received in favor of agriculture periodically. 
The large cumulative ‘‘scissors’’ price correc- 
tions, however, do not appear to have accom- 
plished anything more than to allow agricul- 
ture to keep the large income gap in favor of 
the cities from getting larger. 

It is difficult to work with recently released 
Chinese income statistics because of am- 
biguity in scope, definition, treatment of home 
consumption, and different constant price 
bases for different subperiods without explicit 
links between them. Working with our own 
estimates of output and inputs in constant 1952 
prices, applying official price inflators to mar- 
keted output and purchased inputs, deflating 
the current price difference between output 
and inputs by the official rural (posted) retail 
price index, and finally adding to the latter the 
home-consumed output (at 7096 of our esti- 
mated output), one can obtain estimates of 
"net" farm income in 1952 purchasing power 
for comparison over time. Turning to 1979, for 
which the latest official income fragments are 
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available for comparison, our per worker 
"net" income in 1952 purchasing power, as 
estimated, comes to 280 yen (Œ) for 1979 —or 
3696 per farm person, compared with a current 
price estimate of about 130 from Chinese 
sources. Our estimate of #280 for 1979 is to be 
compared with ¥258 for 1958, the peak year in 
the relatively normal 1950s before China be- 
came fully engaged in the great radical exper- 
iment known as the Great Leap Forward. The 
comparison yields a paltry 8% growth over the 
twenty-one-year period, or just under 0.4% a 
year. 

In passing we note that in Taiwan, although 
during the 1950s and much of the 1960s gov- 
ernment squeeze on agriculture was not much 
less harsh (through land tax and compulsory 
delivery tied to the tax, both of an in-kind 
lump sum character, and fertilizer-rice barter) 
than the impositions on the mainland, real 
farm income (in rice terms) according to 
Samuel Ho’s estimates more than doubled 
(rising by 107%) during 1948-59 for the ''typi- 
cal" farm household that had derived the full 
benefit from the 1949-53 land reform, i.e., ris- 
ing from tenant farmer to owner-operator. In- 
comes rose for several reasons: weak disin- 
centive structure of Taiwan’s extractions, vig- 
orous and successful government push to raise 
the state of the agricultural arts (both on the 
production-input side and the product side), 
competence: and the high ratio of agricultural 
technicians, and massive transfers to cul- 
tivator households of (rising) incomes that 
would have gone to the landlords as rent. Ho 
puts the latter transfers at 8596 of the esti- 
mated rise in real income of the cultivator 
household (p. 170). These large transfers ma- 
terialized because of (a) the initial undervalua- 
tion by government (by about 5076) of the land 
compulsorily sold to the landless, (b) the nom- 
inal interest of 4% per year on deferred pay- 
ments for the purchase price by the new own- 
ers when market interest was nearly ten times 
as high, and (c) the declining value of each 
successive payment against a background of 
rapidly rising land productivity (not associated 
with generally rising price levels, since the 
payments were denominated in kind). In con- 
trast, land redistribution on the mainland was 
soon followed by collectivization, where the 
collective farm was more an arm of the state 
siphoning off rent than a cooperative capturing 
scale economies for its members. The urgency 
and character of the development strategy re- 
quired holding household incomes and con- 
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sumption at near-subsistence levels, permit- 
ting little improvement over time. The extrac- 
tion procedures, far from being lump sum in 
character, became nearly confiscatory at low 
margins. It is against such a comparative 
backdrop that one can begin to fathom the 
broad long-term sweeps that underlie the 
Chinese agricultural setting—a setting charac- 
terized by rigidity and command from the 
center, by falling productivity, by rising costs 
(to industry) of output growth, and by a virtual 
absence of forward motion in household in- 
comes. The backdrop is necessary to an un- 
derstanding of the present movement of re- 
form and readjustment in China. 

In grain terms, China managed an output 
growth rate of about 2.3% a year, just ahead of 
population growth and below the less devel- 
oped country (LDC) average of about 3%. To 
maintain essential food balance (and distribu- 
tive equity) against a relatively healthy overall 
gross national product growth rate of some 5% 
a year, Peking permitted little ‘‘trickling 
down” in household incomes (urban and 
rural) and imposed rationing of basic commod- 
ities to deny expression to income elasticity. 
Peking also sought to hold population growth 
in check during part of the period. Near-total 
neglect of new housing construction, not re- 
versed until three years ago, contributed much 
to this end. China’s average population growth 
rate of 2.1% a year during 1952-80 is substan- 
tially less than the LDC average. These mea- 
sures to restrain growth in demand allowed 
some minor improvement in Chinese diet 
without requiring anything more than manage- 
able net grain imports beginning with 1961. 


The Chinese Historical Record— 
Short-Term Fluctuations 


Short-term grain supply fluctuations in China 
have been of two sources, weather and policy 
cycles. We have earlier (Tang 1980b, Tang and 
Huang 1980) investigated the historical con- 
tent of the two sources. It turns out that 
strenuous Chinese efforts to control and mod- 
ify nature notwithstanding, weather continues 
to have about the same impact on agricultural 
performance. Weather impact on China’s total 
agricultural output and productivity has been 
minor because of its diverse climate, size, and 
latitudinal location. Several factors influenced 
the weather-productivity relationship in the 
past. Taken together, they tended to be self- 
cancelling. While Peking can make its agricul- 
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ture more resistant to weather, cost and sys- 
tem constraints make it doubtful that the his- 
torical record will be much altered in the fu- 
ture. Weather will remain a relatively unim- 
portant factor in China in sharp contrast to its 
role in the Soviet Union. 

Policy cycle in socialist economies has been 
the subject of a number of investigations. 
Granting the existence of policy cycles, we 
have earlier (Tang 1980b, Tang and Huang 
1980) confronted the data to see whether such 
cycles had exerted direct impact on agricul- 
tural production. Several tests seem to Jeave 
little doubt that policy cycles and weather had 
exerted separate influences on Chinese ag- 
riculture, and that the cyclical effect was sub- 
ject to little or no lag (within the context of the 
annual data utilized). Commitment of post- 
Mao leaders to a steady and moderate course 
of policy direction should significantly reduce 
future cyclical inclinations. 

Chinese grain purchases in the past have 
been unsteady, though less fluctuating and un- 
predictable than Soviet imports, ranging from 
lows of about 2 million tons a year to the 
current high of 15 million tons. There are rea- 
sons to believe, however, that China, under 
Mao in particular, had been building a national 
strategic reserve (Tang 19802). It is, therefore, 
unclear whether China's variable purchases 
had served to steady the world grain market 
rather than destabilize it as has been true with 
large Soviet periodical forays, although it is 
also evident that Peking has not always been 
able to adjust its purchases according to mar- 
ket conditions (Barnett, p. 364). At any rate, 
the current U.S. practice of negotiating bilat- 
eral long-term annual purchase contracts and of 
requiring ad hoc negotiations for any addi- 
tional quantities should serve to reduce insta- 
bility in the world grain market and to allocate 
the cost of the vital stockpiling more in the 
direction of the sources of disturbance. The 
latter point becomes all the more weighty 
when supply disturbances are traceable to 
unwitting government policy and when gov- 
ernments choose (sometimes out of necessity) 
not to minimize the impact on the world mar- 
ket by refusing to allow domestic prices to rise 
or to otherwise reduce domestic consumption. 
Nor does China's reticence to join interna- 
tional stock management matter so long as it 
builds and maintains its own reserves. China's 
vulnerability in terms of its thin margin of pro- 
duction over subsistence brings the issue of 
food security to the forefront and makes a 
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national stockpile of prudent size mandatory. 
The Soviet Union, its frequent production 
shortfalls notwithstanding, is not threatened 
by food insecurity. Even in a disastrous crop 
year (as is the case with 1981 with a projected 
harvest of 175 million tons) its grain availabil- 
ity per capita without imports is still more than 
twice that of China in a good year. Soviet 
domestic stockpiling behavior and attitude 
toward international reserve issues are accord- 
ingly different. 


Reforms and China as a Future Factor 


As China moves toward more decentralization 
in agriculture, price reform becomes crucial to 
the outcome. Although other reforms are 
being attempted, the paper focuses on price 
reform and certain related issues. Before turn- 
ing to the task, we first take up the immediate 
question of whether the development strategy 
described earlier still holds when sweeping 
changes are apparently overtaking the coun- 
try. The question is important because it de- 
fines the context for agriculture in the future 
and consequently influences the sector's per- 
formance. Space does not permit a detailed 
argument, already stated elsewhere (Tang 
1981), that the current reforms and ‘‘read- 
justment’’ are in fact a reaffirmation of the 
long-held goal to be a modern, front-ranking 
socialist power by the year 2000. The purpose 
of readjustment is to correct past macroexces- 
ses and to give priority to the bottleneck sec- 
tors (agriculture, transport, and energy) in 
preparation for a renewed future big-push in 
the modern heavy industrial sector. The latter 
sector, as the centerpiece of the Chinese de- 
velopment strategy, will continue to be the 
essence of the core economy, protected by 
centralized planning subject to ‘‘material bal- 
ance" in a preemptive sense and articulated 
by command from the center. Current reforms 
are meant to flesh out the periphery (or sec- 
ond) economy without compromising the in- 
tegrity of the core. While decentralization is 
the watchword for the periphery, direct alloca- 
tion and quota imposition from the center will 
remain for the core. (For a recent authorita- 
tive statement by the vice-chairman of the 
CCP's Central Committee, Chen Yun, on the 
continued primacy of the "planned economy” 
and the supplementary role of the ‘‘market 
economy," see Beijing Review, 8 Feb. 1982, 
p. 5.) 
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Price Reform 


The underpricing of rice (the centerpiece. of 
the political economy of grain pricing in Asia), 
much lamented by T. W. Schultz, is not likely 
to go away. In China, where austerity in con- 
sumption is policy ordained, minimal availabil- 
ity of the basic staple is too, central to ignore. 
The argument holds even when material incen- 
tive is being emphasized and consumption re- 
laxed, as is presently the case, as means to 
promote productivity and economic growth. It 
is easy in this connection for outside observers 
to read too much into the ongoing policy de- 
bate in China. A number of constants are sure 
to remain as a matter of fact, including ration- 
ing and price control of the key wage goods. 
Production quotas and compulsory delivery at 
state procurement prices, together with state 
distribution of means of production, appear to 
be the constants for agriculture. Whether 
‘contracting’ (the preferred term. currently) 
continues on the team level or is pushed down 
to the household level, as is being promoted 
under current reform, matters little from the 
standpoint of price reform. The relevant ques- 
tion is. whether, given the larger objectives of 
the planner, these constraints or constants 
need to be there at all in a reform context. The 
larger objectives, which happen to be conflict- 
ing, are low price and subsistence distribution 
via rationing of basic food and fibers and i in- 
centive price for the producer... - > 
Faced. with this, quandry, the planner. re- 
members the economics of collective agricul- 
ture, which is to by-pass producer response to 
price by imposing a quota and procurement 
price package so as to, theoretically, extract 
all rent. This is the supply-side coercive 
equivalent to the ‘‘all-or-nothing’’ demand de- 
signed to take away the consumer's surplus. 
Let us call such supply.the coercive supply. 
The resident cadres are, in principle, agents of 
the state whose task is to ensure that the col- 
lective farms under their care are not-only kept 
on their respective coercive supply curves but 
made to operate at their potential output levels 
permitted by the allotted resources and avail- 
able labor. The institution of the work point is 
supposed to.aid their latter.task by establish- 
ing the individual peasant worker's share (not 
necessarily its absolute worth) of the pie on 
the basis of his labor contribution (quality- 
adjusted supposedly) to total farm output. The 
work point system is supposed to allow a mea- 
sure of work incentive while retaining the re- 
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sidual claimant status for the collective body 
of peasant ‘‘owners.’ 

The economics of collective TEM un- 
derstood in these terms is a difficult game for 
the ordinary cadres to play. Even if selected 
from the ranks of peasants, their.dual role as 
agents of the state and managers of the collec- 
tive units entails conflicts in responsibility and 
interest. While individual peasants form a rela- 
tively homogenous population in terms of 
competence as operators of family farms, the 
variance of a random sample drawn from their 
ranks for managing large collective: farms 
tends to be much larger. And the variance of 
samples drawn on the basis of ideological qual- 
ities and party membership may be even 
larger. It is not surprising that China analysts 
tend to identify diverse leadership quality as a 
significant factor behind China’s serious. in- 
come distribution problem in agriculture. The 
point here, however, is that the task of keep- 
ing the collective body of peasants on the 
state-imposed coercive supply and at a per- 
formance level up to their productive potential 
is probably a little daunting even for the best 
collective leader. At any rate, Peking’s current 
leaders have reached the conclusion that after 
nearly thirty years of coercion the game is up. 
The conclusion brings them face to-face with 
the pricing quandary for. the necessities—a 
quandary: sharpened by their development 
strategy. The quandary, to repeat, is how to 
increase farm prices for greater. producer in- 
centive.without undermining continued ration- 
ing and low pricing of the basic food and fibers 
and without causing huge state budget deficits 
or otherwise threatening state PREIRES 
for investment and growth...: 

A paradox of the so-called development de- 
cades in the post World War II era is that the 
LDCs have tended to adopt ‘‘squeeze poli- 
cies" toward agriculture that are antidevel- 
opmental. Government after government has 
lowered, if not virtually abolished, explicit 
taxes on agriculture (principally, the land tax 
of an essentially lump sum character), replac- 
ing them with more subtle measures, such as 
terms of trade manipulations for domestically 
consumed farm products (generally through 
the expedient of controlling their prices while. 
inflation goes merrily on) and export tax, or 
marketing board operations, or overvaluation 
of national currencies in foreign exchange con- 
trol, or a combination of them, for export farm 
products. The result has been all too predicta- 
ble: farmers produced less under. depressed 
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and falling prices. China, too, has been lower- 
ing its agricultural tax, although as a propor- 
tional tax on gross output its loss is not of the 
same order of significance. The question to 
ask, however, is. whether China's present 
party leaders have the political will to impose 
compensatory lump sum taxes on agriculture 
while price reform is being put in place to 
encourage output. 

Peking already has taken a first step in al- 
lowing optimizing behavior (at the margin) by 
the collective farms instead of imposing the 
expedient quota-price formula. While the 
quota remains (subject to increased procure- 
ment prices since 1979), voluntary sales above 
the quota are now encouraged at a 50% price 
premium. Although above-quota sales to the 
state may not be entirely voluntary, as quid 
pro quos in terms of additional amounts of 
chemical fertilizers often enter into the con- 
tract as inducement, it is clear that the collec- 
tives' behaviors are now closer to where the 
marginalist optimizers would like to be. Tak- 
ing labor input as the decision-making variable 
controlled by the collective body, as a partial 
equilibrium statement a fully compensatory 
tax-cum-price-increase program is sure to lead 
to some increase in labor input and, other 
things being equal, to output increase. Farm 
household welfare is raised also. The convex- 
ity of the indifference curves.and concavity of 
the production function (or leisure-income 
transformation curve) guarantee the results 
when full compensation is defined as imposi- 
tion of a lump sum tax and simultaneous in- 
crease of product price such as to cause the 
new leisure-income transformation to pass 
through the initial equilibrium. These results 
are general whatever the shape of the labor 
supply curve in agriculture, as long as labor's 
marginal product is not zero. (This is also tap- 
ping a cheap source of output growth since no 
increase in nonlabor inputs is required.) ‘‘Per- 
verse’ responses may result only if the collec- 
tive farms are forced into the coercive 
**quota-procurement price” point, completely 
off their supply curves. However, as already 
mentioned, the 1979 price reform encouraging 
above-quota sales at what appeared to be luc- 
rative prices has probably allowed producers 
to move close to their respective equilibrium 
points on the supply curves. 

With detailed production and procurement 
records available on each of the collective 
units in China, implementation of the scheme 
need not pose difficulties. Let us say farm 
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prices are to be doubled in order to rationalize 
the price structure on the production side. 
Given the farm records, the farm-specific in- 
crease in revenue is calculated. This amount is 
also the lump sum tax to be imposed on each 
collective farm. Each farm is supposed to sell 
its entire output, and, in the case of grains, its 
peasant members ‘‘buy back” from the retail 
market quantities allowed them under the na- 
tional rationing program at the same low 
prices (no increase under the scheme) paid by 
all other consumers. Procurement quotas are 
no longer necessary. (And. one will want to 
wonder about the continued raison d’etre for 
the collective organization, cooperativization 
for the benefit of members in capturing scale 
economies being a separate matter.) ''Free 
markets" (as they are known now) can be 
made to disappear by adjusting upward state 
purchase prices when needed. Price gaps be- 
tween the farm gate level and retail level (as- 
suming away marketing costs for conveni- 
ence) can be maintained only if arbitrage by 
individuals can be prevented. Since process- 
ing is required in the case of grains and indus- 
trial crops, and since marketing and process- 
ing are state controlled, it ought not to be 
difficult to keep the peasants from buying low 
at retail and reselling high to the state. (The 
scheme at hand applies only to subsistence 
crops, grains, and to key industrial crops, such 
as basic fibers, also for subsistence. Vegeta- 
bles and other farm products which would 
pose an arbitrage problem and which are non- 
basic by definition, would be produced and 
marketed under free market conditions.) 
Moreover, rationing of the essentials will con- 
tinue under the scheme, serving as a further 
barrier to arbitrage. Peasant households could 
withhold part of the output for home consump- 
tion to supplement official rations, But to do 
this they will have to overcome two problems: 
(a) the processing of grains or cotton prior to 
home consumption and (b) the high opportu- 
nity cost of home consumption of such a sup- 
plementary nature set by the high official pro- . 
curement price, instead of the low retail price. 

There are several other advantages to the 
scheme. First, the fiscal implication is mini- 
mal, since on the ‘‘old’’ production the tax and 
price rise are exactly offsetting. The state in- 
curs a deficit only on the incremental output. 
And this burden can be passed on to the con- 
sumers without adverse effect by raising retail 
prices—only marginally, since the rise applies 
to all sales rather than the increments. Sec- 
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ond, the lump sum tax is the least distorting of 
all taxes. Third, the basic idea of a relatively 
nondistorting tax to go along with an incentive 
policy measure can be extended to deal with 
another longstanding affliction suffered by 
Chinese agriculture, the well-known ‘‘scissors 
problem.” The problem is a second focal point 
in recent and current Chinese price reform 
discussions. And it is admittedly still a serious 
problem despite recent corrections. To revive 
an old idea proposed by J. R. Hicks in 1959, let 
an additional lump sum tax be imposed to 
finance the "subsidy" (actually, removal of 
the ''scissors'" distortion) of some input or 
inputs whose greater use offers the further 
advantage of advancing productivity and the 
state of the art in agriculture. This is not the 
place to analyze the issue of input subsidy 
versus output price support. The input subsidy 
is best seen as a supplementary scheme to 
redress the scissors distortions on the produc- 
tion side without placing a new burden on an 
already strained fiscal state posture. ` 


The Prospects 


The compensatory tax-cum-incentive princi- 
ple discussed above provides a way to reestab- 
lish rational prices needed for decentraliza- 
tion, which Peking seems to be encouraging 
outside the core economy. It will allow correct 
decentralized decisions regarding acquisition 
of Schultzs ‘‘new low-priced income 
streams" generated by innovations, while 
doing away with the long-standing scissors 
distortions and even permitting Hicks’ 
specific input subsidies for further inducement 
on behalf of innovations. All this is to be vir- 
tually self-financed by a compensatory lump 
sum tax (best called a land tax, to emphasize 
the socialist fact of nationalized ownership of 
all means of production, including most nota- 
bly land, instead of hiding behind the sham 
institution of collective ownership) at a mini- 
mal cost to the treasury or to the consumer's 
subsistence budget. A great drawback to the 
post-Mao price incentive reform is that it will 
aggravate an already unsatisfactory and wor- 
sening income distribution in the Chinese 
countryside. Procurement prices are now 
dramatically higher than before 1979. They do 
wonders for the rich collectives but little or 
nothing for those producing just enough, or 
less, for the members' own consumption. Pol- 
icies of binding the peasant to his native vil- 
lage, of self-reliance for localities, and of al- 
locating new inputs to areas of high response 
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have caused the problem of spatial disequilib- 
ria (common to all countries) to become 
cumulative in China. The scheme presented in 
the paper alone will not solve the problem but: 
will keep it in check. With 100—200 million 
peasants already at or near the nutritionally 
critical level, Peking can stand little further 
Skewing in income distribution. Disavowal 
aside, the ‘‘grain question” remains central to 
China. Presence of increasingly well-to-do 
families, urban or rural, means diversion of 
grains from direct human consumption to feed 
and other usage for production of meats and 
other commodities with high income elastic- 
ity. It leads to diversion of land from grain 
production. In either case, scarcity of grains 
for subsistence consumption by the poor is 
increased. 

There is no evidence to suggest that the new 
policy directions also meant abandonment of 
the old values and goals that underpinned the 
development strategy. On the contrary, the 
weight of the evidence seems to point unmis- 
takably to continued validity of the nation- 
building design. A number of constraints and 
imperatives will continue to hold, posing 
quandaries for Peking's reformers. The quan- 
daries in the domain of farm price reform are 
formidable, with incentives for producers of 
wage goods and key industrial crops and the 
political economy of a subsistence guarantee 
competing for price policy considerations. 
Price reform without a compensating presence 
of a land tax is not likely to deal effectively 
with both requirements. The tax, which 
should be of a lump sum character, together 
with continued rationing and price control of 
the subsistence goods, may be expected to 
ensure the integrity of the key macro aggre- 
gates that flow from the imperatives of the 
development strategy even while new price 
incentives produce desired output increases. 
By permitting replacement of incentives for 
coercion while producing results consistent 
with macro requirements, the proposed 
scheme removes the raison d'etre for collec- 
tive farms. Thus, it permits full rediscovery of 
the family farm instead of the present tentative 
return to it which, by retaining the old quotas, 
threatens to limit benefit and escalate cost. 

China's present leadership already has 
taken several major steps in price and organi- 
zational reforms; the additional steps consid- 
ered necessary or advisable in this paper are 
not unthinkable even within the framework of 
the old development strategy. And there are 
good reasons to believe that Deng and his as- 
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sociates will not be content with what are now 
half-measures which have given rise to con- 
siderable chaos, and that they will summon 
the necessary courage and clear thinking to 
take the remaining steps as outlined. In these 
terms, China will continue to impose restraint 
on consumption to ensure subsistence for all 
through rationing and control of consumer 
prices of necessities. Agricultural perfor- 
mance in output and productivity growths 
should improve over the historical record 
under incentive household farming. But mate- 
rial incentive programs for the economy at 
large (and the ‘‘second economy,” in particu- 
lar) will increase demand for high-income elas- 
ticity farm commodities at a pace above the 
historical norm; so that, in food balance terms, 
China is almost certain to continue to import 
grains but in quantities probably not any more 
unmanageable than they are now (Tang 
1980a). Our earlier study made from the van- 
tage point of 1979 already took into account — 
though not as fully as one might now—the 
reforms then on the way. And there are new 
insights into Chinese demographics. But the 
food gap, as earlier projected for 2000, is not 
likely to change much because of offsetting 
changes in demand and supply projections 
warranted by the new light. For those with a 
craving for numbers, we suggest a net annual 
import of 15-30 million tons by 2000. 
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Food versus Feed and the Dynamics of the 
World Food Situation: Discussion 


Charles Y. Liu 


I do not have major conceptual or meth- 
odological differences with any of the papers. 
What is intended here is to supplement Dr. 
Mellor's paper, since his analysis excluded the 
People's Republic of China (PRC), and to 
elaborate on Dr. Tang's paper. 

Basically, China's agricultural development 


faces the same problems the other developing ` 


countries have encountered, namely, a large 
population to feed, backward agricultural 
technology, large rural sector, and a poor 
natural endownment. In addition, China suf- 
fers from the consequences of thirty years of 
isolation and the aftereffects of past dogmatic 
ideology. 

Since 1976, China's current leadership has 
embarked on a pragmatic course of moderni- 
zation of the economy. Therefore, the Chinese 
agricultural development should be looked at 
in two distinct periods: 1949—76 and 1977 to 
date. Some of the notable agricultural policies 
in force today include: 

(a) putting the order of economic priority 
as agriculture, light industry, and heavy indus- 
try, with emphasis also on energy and trans- 
portation sectors; 

(b) raising standards of living in rural and 
urban areas by raising personal income, by 
producing more consumer goods and less capi- 
tal goods, and by subsidizing the gap between 
the recently raised procurement prices and the 
retail prices of agricultural products; 

(c) decentralizing more production and 
managerial decision making down to basic 
production units instead of relying on orders 
from the central government; 

(d) implementing, on a large scale, a mate- 
rial incentive production system rather than 
relying on ideology as in the past; 

(e) allowing the expansion of private sector 
by enlarging the size of private plots and open- 
ing rural free markets—as a result, the rural 
income derived from this activity has in- 
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creased from 25% of total in 1979 to possibly 
as high as 40% currently; 

(f) being willing to import large amounts of 
farm goods, especially grains and cotton, in 
order to satisfy rising demand; 

(g) emphasizing science, technology, eco- 
nomics, and management; and 

(h) strictly enforcing population control. 

Because of these policies much progress 
was made in agriculture between 1977 and 
1980. Table 1 presents a rough comparison. 

In addition, population growth rate was 
reduced to about 1.1% in 1980. Per capita in- 
come for a commune member from collective 
distribution, which had increased from 43 
yuan in 1956 to 63 yuan in 1976, róse to 85 
yuan in 1980, a similar increase in just four 
years. 

Using: Mellor's measure for other develop- 
ing countries, China's demand for farm goods 
also far outpaced the supply in spite of the fast 
growth of production in the 1977-80 period. 
Despite recent developments, the PRC falls in 
the very low income group on the basis of the 
population in the rural sector (still over 8096), 
and also on income elasticity of demand 
groups, In contrast, the high rate per capita 
income growth puts China in the high income 
group, and the low rate of population growth 
falls in the very high income group. 

On a broader perspective, negligible depen- 
dence on foreign energy and other raw mate- 
rials, relatively effective bureaucratic and 
party organization in carrying out the central 
planning orders, and flexibility by the central 
leadership level in adjusting economic course 
when encountering difficulties in meeting 
targets and implementing policies all contrib- 
uted to what was achieved during 1977-80. 

However, China's rapid economic growth 
and progress is not totally without problems. 
These problems stem from not just any single 
cause but from a wide variety of factors. China . 
experiences problems caused by serious 
natural, technological, institutional and eco- 
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Table 1. People's Republic of China: Agricultural Growth Rate 
Production Area Yield 

1956-78* 1977-80 1956-78 1977-80 1956-788 1977-80 

——-—-—-----2------2----------- (96 per annum) --------------------------- 
Grain 2.6 4.7 —0.2 —0.9 2.8 5.6 
Cotton 1.5 9.7 —1.0 —0.3 2.6 10.1 
Oilseeds? -0.1 11.2 -1.5 3:2. 1.4 5.7 
Edible oils 1.2 14.5 
Meat 3.7 15.6 





Sources: Surles and Tuan, USDA. 
* Calculated from the averages of 1955-57 and 1977-79. 
> Including soybeans. 


nomic constraints. China, though slightly 
larger than the United States, cultivates only 
about 10% of the country’s total land mass and 
cultivated area is substantially less than that of 
the United States. The prospect of reclaiming 
new land is not good, and it would be very 
costly. 

Virtual isolation from the West since 1949 
and particularly during 1966—76 (cultural revo- 
lution) has reduced technological advance in 
agriculture to near bottom both in terms of the 
caliber of researchers as well as the basic re- 
search system and structure. Therefore, tech- 
nology transfer at a reasonable speed is seri- 
ously hampered. Without this, notable in- 
crease in yields from the present level cannot 
be expected in the near future. 

The institutional setup for agricultural pro- 
duction and bureaucratic organization were 
structured in the 1950s from Soviet design 
and/or from Mao's ideology, which was more 
suitable for total central planning. Today, in 
the pursuit of agricultural modernization, this 
setup serves more as hinderance than a help to 
economic growth. For example, when agricul- 
tural production increased beyond the point of 
producing for self-consumption, the govern- 
ment procurement apparatus found itself un- 
able to handle the inflow of farm products 
from the communes in buying, storing, 
transporting, processing, and distributing. 

Finally, the economic constraint is a severe 
long-run problem. As more decentralization of 
production decision making takes place, as the 
private sector plays a more significant role in 
the economy, and as producers respond to 
changing signals from government policy, the 
Chinese system lacks an effective mechanism, 
whether it be market or central planning 
oriented, to deal with the questions of for 
whom, what, how much, when, where, and 
how to produce. 


In other words, as the agricultural sector 
moves from the more initial stage of develop- 
ment to the next, production tends to be more 
specialized, steps between production and 
consumption increase, distance for product 
flow lengthens, product form changes become 
frequent, and interdependency among loca- 
tions, sectors, institutional levels, inputs and 
outputs, etc., increase. Without a well- 
organized system of production, marketing, 
distribution, and utilization for both inputs and 
ouputs in the economy, farm sector behavior 
will likely be more knee-jerk reaction to symp- 
toms than systematic search for cures to the 
sickness. The recent announcement by Chi- 


` na’s premier that the current period of eco- 


nomic readjustment will be extended for an- 
other three to five years is indicative of the 
severity of these problems. 

Given the above, I hasten to add that these 
phenomena are not atypical among developing 
countries. China has made significant progress 
in only four years despite all these handicaps. 
Many other developing countries still suffer 
from the same problems after thirty years. 

Now we may look into the next five years or 
so and stab qualitatively at what might be the 
agricultural growth in China and also at what 
effect this growth might have in the world 
market for agricultural products. 

(a) Currently China appears to be carrying 
out a two-tier farm import policy. Chinese are 
conservative in nature, and China's basic goal 
is still to strive for minimum dependency on 
other nations for food. The PRC is willing to 
import a large amount of grains for the time 
being in order to devote more effort to the 
growth of cash crops in the hope that imports 
for cash crops can be reduced. Then grain 
imports will be lowered to an acceptable level. 
There are already signs of success in cotton 
and oilseeds production toward this end. 
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(b) The growth of agricultural production 
during the eighties will drop sharply from the 
very rapid growth rates experienced in the late 
seventies. However, growth of production for 
most commodities will be somewhat above 
historical growth rates (as measured by the 
growth of production between 1955-57 and 
1977-79). 

(c) Growth of production in per capita 
terms will be substantially in excess of histori- 
cal rates because of slower population growth. 
Population growth during the eighties may be 
lowered as rapidly as planned. A conservative 
estimate would be 1.1% per year. This com- 
pares with an historical rate of 1.9% per year. 

(d) The rate of growth of production for 
most cash crops will drop somewhat as the 
eighties progress. This is due largely to 
diminished opportunities for increasing area at 
the expense of grain. 

(e) Grain production during the eighties will 
grow at a lower rate than that for 1977-80. 
Coarse grain production should grow most 
rapidly because of rapid growth of yields and 
some increase in area. 

(f) Meat production increases will be sig- 
nificant. 
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(g) There likely will be no significant over- 
all growth in agricultural imports during the 
eighties. Wheat imports will plateau at about 
the present level, and coarse grain imports 
should rise slowly but are not likely to exceed 
the 1973-74 level. 

If the present policy continues, China will 
remain a significant food importer in the world 
market in the next few years, but not too much 
a disruptive factor due to relatively smaller 
year-to-year variation in food production than 
the Soviets and its desire to have an orderly 
development process. 


References 


Surls, Frederic M., and Francis C. Tuan. ‘‘China’s Ag- 
riculture in the Eighties." China under the Four 
Modernizations, vol. 1. Washington DC: Joint Eco- 
nomic Committee of the U.S. Congress, forthcoming. 

U.S. Department of Agriculture. People’s Republic of 
China, Review of 1980 and Outlook for 1981. ERS 
Supplement No. 6, World Agr. Situation No. 24. 
Washington DC, June 1981. 


Food versus Feed and the Dynamics of the 
World Food Situation: Discussion 


Pan A. Yotopoulos 


A comprehensive picture of the world food 
situation must account specifically for the 
three strategic claimants of the world's food 
supplies: the less developed countries 
(LDCs), the USSR, and the People's Republic 
of China. The three papers, respectively by 
Mellor, Desai, and Tang, do a creditable job in 
putting the three components in place. Do 
they also manage jointly to provide an accu- 
rate picture of the dynamics of the world food 
situation? Past experience with similar global 
projections is sombering. This paper ''post- 
casts” the record of the recent years, by using 
the methodology implicit in the authors' pro- 
jections, for the purpose of seeking explana- 
tions for the frailty of global food forecasts. 

The starting point of projections makes the 
time derivative of food a function of the time 
derivatives of population, per capita income, 
and relative prices, D = f(N, Y, P). Algebraic 
manipulation gives the familiar time-rate rela- 
tive-change equation, 

D WW UOS P 
where the subscripted e's are the respective 
elasticities. The last factor of the equation is 
the most difficult to handle and becomes the 
first to be ignored. It will be discussed briefly 
and last, in recognition of Tang's valiant effort 
to focus on prices, at least qualitatively. 
Moreover, it is commonly assumed that the 
population elasticity of demand is equal to 1, 
and that the income elasticity of demand is 
about 0.8, although Tang also considers the 
. values of 0.6 and 0.4 for China (Mellor, p. 75; 
Tang, p. 35). 

Table 1 applies the simplified time-rate rela- 
tive-change equation and compares the esti- 
mates to production and actual demand of all 
cereals for the period 1961/65 to 1974/76.! The 
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results depend very much on the parameter 
value used for the income elasticity of de- 
mand. The commonly used value of 0.8 con- 
sistently overestimates demand. The low 
value of 0.4 appears more appropriate, with 
the exception of the estimates for China and 
USSR and those for the DCs when split into 
two groups. How seriously should we take the 
result that it is mostly population that drives 
the world’s demand for food, while income 
enters with a low elasticity of only 0.4? 


The Population Component 


Although the value of one for the point elastic- 
ity of demand for food with respect to popula- 
tion appears plausible on intuitive grounds, it 
must certainly represent an overestimate of 
the relevant arc elasticity. The reason is that 
population is a nonhomogenous variable, con- 
sisting, say, of the rich and the poor. More- 
over, there are two underlying functional rela- 
tionships between the respective time-rate de- 
rivatives, one between population (birthrate) 
and income, and another between food de- 
mand and income. Both relationships are con- 
vex with respect to income. In such a case, 
adopting an elasticity value of one, that is the 
average (weighted or unweighted) value of 
demand, would tend to overestimate the 
amount of consumption actually taken to sus- 
tain the new births.? 

The intuitive explanation of the bias intro- 
duced is simple. There are children born in 
high-consumption societies and those born to 


2 Consider two income groups, Y, and Y, with a and (1 — a) 
their respective membership proportions. The two situations that 
arise are F, = f(aY, + (1 — a) Y;) if the birth rate (or consumption) 
is equally distributed among the two groups; or else F, = af(Y,) + 
(1 — ay(YQ) if the relation between the dependent variable and 
income is not strictly proportional. By definition if /(Y) is any 
strictly convex function we must have F; > F, fora: 0« a « 1. 
This implies that the birth rate is higher under income inequality 
and the cereal consumption is lower. 
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Table 1. Annual Rates of Growth, All Cereals, 1961/65 to 1974/76 
Predicted? Actual 
Number 
of All Indirect Direct 
Countries? ey = 0.8 ey = 0.4 Demand (Feed) (Food) Production 

World 124 2.85 3.70 2.28 2.88 
LDCs* 98 4.46 3.38 3.37 5.80 2.93 2.97 

Low LDCs 34 3.48 2.84 2.76 2.19 2.76 2.56 

Middle LDCs 64 5.44 3.92 3.87 5.90 3.11 3.29 
DCs 26 4.22 2.56 2.47 3.29 1.31 2.83 

Market DCs 20 4.05 2.45 1.66 1.33 2.32 2.58 

Centrally Planned DCs 6 4.40 2.67 3.70 7.74 0.34 3.30 
USSR 1 4.38 2.74 3.79 8.79 0.44 3.16 
China‘ I 4.21 3.13 2.83 1.78 3.02 3.04 





Sources: World Bank, Food and Agriculture Organization, and project file data. 


* The classification of countries follows the World Bank. 
AN AY 


T ey 








> The equation for prediction is b. = ty 
© China is not included.: f 


where ey = I and ey = 0.8 or 0.4. 


d China's growth rates (for thé period 1957 to 1979) were taken at 2.05 for population and 2.7 for GNP per capita. 


subsist through life just at this side of 
hunger—say at less than 2,000 calories per 
day. The two sets cannot receive equal 
weights. In fact, 8896 of the world's population 
growth since 1960 occurred in LDCs, and only 
12% in DCs. A 44% increase of world popula- 
tion since 1960 requires a less-than-propor- 
tional agricultural increase, in global terms, to 
be fed at the pre-existing levels. The popula- 
tion component of the equation entirely over- 
looks the variance in demand for food asso- 
ciated with the distribution of births among 
different income groups. 


The Income. Component 


The income gains in the last two decades far 
outdistanced the population increases. While 
population grew by about a half (4476), per 
capita incomes roughly doubled between 1960 
and 1980. The progress in world agriculture 
was equally impressive: average annual rates 
of growth ranged from 2.3% (1970-77) to 2.7% 
(1963-70), which are higher than the rates of 
growth in population; yet the diets in LDCs 
barely improved, and the number of under- 
nourished people probably increased (FAO). 

The irony of the situation is that in some 
basic sense the world as a whole, most nations 
in general and most individuals in particular, 
are richer today than they have ever been be- 
fore in the entire span of human history. Yet, 
the world food problem may be as grave today 


as it ever was. This obviously never would 
have been the case if poverty were the princi- 
pal cause of hunger. In my view it is not. It is 
relative affluence that is the principal cause of 
world hunger. This is also precisely the com- 
ponent missing from the time-rate relative- 
change equation. 

To illustrate this controversial point, table 1 - 
breaks down the demand for cereals into indi- 
rect (feed) and direct (food, industrial, and 
others) use. This breakdown is a central point 
of all three authors. Desai, for example, pro- 
jects feed grain use separately for USSR. Mel- 
lor emphasizes the importance that livestock 
products play in keeping the income elas- 
ticities of demand high. This distinction is use- 
ful because cereals represent the staple com- 
modity for both ends of the income distribu- 
tion, for the poor and the rich. Cereals (wheat, 
rice, and coarse grains) are the major source 
of calorie intake in most LDCs. In fact, at a 
relatively low level of subsistence, cereal con- 
sumption is a good proxy for nutritional ade- 
quacy. In DCs, cereals again feature promi- 
nently in the human diet. The only difference 
is that coarse grains are consumed indirectly, 
having been fed to a rather inefficient protein 
converter, the ruminant stomach. The rele- 
vant calorie-equivalent, grain-meat conver- 
sion rates vary from 2 + 1 for poultry.to 7 + I 
for feedlot-fed beef. 

The problem with estimating demand’ for 
cereals—even worse, demand for total gross 
value of agricultural production—without dis- 
tinguishing the poor and the rich, and direct 
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and indirect cereal consumption is precisely 
that the former is bounded while the latter is 
not. There is only so much cereal that can be 
consumed directly to provide an adequate nu- 
tritional intake—something less than 200 
kilograms per capita per year. The variance is 
much higher when indirect cereal consump- 
tion is also considered, with the average per 
capita rising to 550 kilograms per year in 
Western Europe and 850 kilograms per year in 
the United States. *‘During “1975 per capita 
indirect consumption of cereals for feeding 
livestock was 361 kg in developed countries 
which was more than 15 times the equivalent 
figure in developing countries. In fact, on aper 
capita basis, more than twice as much cereal 
was fed to animals in developed countries as 
was fed to human beings in developing coun- 
tries" (Islam). 

Examination of the breakdown of demand 
into direct and indirect use in table 1 adds 
emphasis on certain elements of the ‘‘Dynam- 
ics of the World Food Situation” that are pres- 
ent, but diffused, in the three papers. 

(a) With the few exceptions that appear in 
the disaggregations to be discussed below, the 
rate of growth of indirect cereal use far ex- 
ceeds the rate of growth of direct consump- 
tion. For the first time in history the world 
food system is literally driven by animals! 

(b) All LDCs grouped together fit the above 
characterization. Disaggregation into low- and 
middle-income LDCs reveals a problem that 
aggregates mask. In the former, the rate of 
growth of direct cereal use is greater than the 
indirect. In the latter, the discrepancy in favor 
of indirect use increases. The difference may lie 
in the distribution of income and population 
gains among the low and middle income 
classes. The low income LDCs, starting from 
universally low nutritional standards and rela- 
tively equal distribution of poverty, translate 
most income and population gains primarily to 
direct (food) consumption. The middle LDCs 
have a growing middle income class that has a 
high income elasticity of demand for indirect 
cereal use. 

(c) Contrary to middle income LDCs, the 
middle income classes in the market DCs have 
reached consumption levels of animal protein 
that warrant little further improvement as a 
result of income gains. Income inequality, on 
the other hand, makes for substantial increase 
in direct use of cereals by low income classes 
as incomes grow. 
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(d) The socialist DCs and China illustrate 
two opposite cases of relative (nutritional) 
egalitarianism. In the former,.the direct de- 
mand for cereals is pretty well met univer- 
sally, and most of the increase in demand 
originates with indirect consumption—the im- 
provement in diets. China has started with 
lower nutritional standards, and; as a result, 
most of the change occurs in direct cereal con- 
sumption and a modest (equally distributed?) 
gain in indirect use. 


'(e) The socialist DCs and China are egalita- 
rian societies (when it comes to basic nutri- 
tional levels) and also command economies 
with direct rationing mechanisms. As a result, 
they could readily deny the expression of the 
income elasticity by stopping the improve- 
ment in diets and so decrease the rate of de- 
mand to equal the increase in agricultural pro- 
duction. Should the crunch come, Russia 
could unhook itself from agricultural import 
dependence—something that can never be 
captured in Desai’s import functions. 


(f) In contrast to socialist DCs and China, 
most LDCs are characterized by unequal in- 
come (nutritional) distribution and market 
orientation. They have large low income 
classes who still try to increase their direct 
consumption, and they have people at the 
other end of the distribution who are con- 
strained by the price mechanism alone from 
“shrinking” cereals (at the rate of, say, 7 : 1) 
for indirect consumption as animal protein. 
Further use of price as an effective rationing 
mechanism in this case probably would create 
serious problems for the poor, since the two 
cereal markets—feed grains and soft grains— 
are linked. In the extreme case, the animals 
for the consumption of the rich may crowd out 
the direct demand for the subsistence of the 
poor. 

(g) The LDCs, if they continue on the pres- 
ent course, are bound to increase their im- 
port-dependence on the DCs. The reason is 
not so much that agriculture is lagging 
behind—although it could still perform better 
by growing, say, at a rate of 3.7% per year 
which FAO considers feasible— but that the 
diets of those who can afford it are being im- 
proved at a staggering rate. The 5.80% annual 
rate of increase in indirect cereal consumption 
is the result of the incomes explosion of the 
main beneficiaries of development—the grow- 
ing middle income class and the affluent. 
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Conclusion 


Anthony Tang quotes Charles Shuman that: 
“Hunger is not a technical necessity, it is an 
economic phenomenon. There are no hungry 
people where there is money to buy food." 
This may sound tautological. But it cannot be 
a tautology because it is wrong! More than an 
economic phenomenon, hunger is a social 
phenomenon which has to do with the absence 
of a minimum threshold level of distributive 
equity. It may be that a minimum of direct 
intervention in basic food consumption is the 
only way to limit the income elasticity of the 
wealthy from crowding out the demand of the 
poor. In the meanwhile, projections of de- 
mand that ignore the underlying income dis- 
tributions are bound to be unstable. 
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International Trade and Agricultural Labor Markets 
(Alex McCalla, University of California, Davis, Presiding) 


Trade in Products and International 
Migration in Seasonal Labor Markets 


Robert D. Emerson 


Alien workers have become an issue of in- 
creasing concern in the United States in recent 
years. Were there not limits upon permanent 
immigration to the United States, there would 
be no ''illegal" problem. Nevertheless, the 
presence of legal temporary and illegal work- 
ers in the United States reflects an excess de- 
mand for certain types of labor in U.S. labor 
markets and an excess supply of such labor in 
the sending labor markets. The issues ad- 
dressed in this paper are the relationships be- 
tween agricultural product markets and ag- 
ricultural labor markets for seasonal products, 
particularly in relation to international move- 
ments of products and factors of production. 
A theory of the operation of seasonal agricul- 
tural labor markets in the United States will 
first be given. I will then consider the contribu- 
tions of the theory of trade in interpreting the 
current migration of labor into the United 
States. Specific agricultural labor markets in 
which there are foreign workers will then be 
addressed as they relate to the theme of trade 
and migration. 


Seasonal Labor and Production in Agriculture 


A salient feature of most agricultural produc- 
tion (with the exception of some livestock 
production) is that it is marked by seasonal 
variations in activity in contrast to an indus- 
trial assembly line production stream. 
Throughout most of agriculture, the seasonal 
peaks in activity at planting and harvest time 
have been met by increased mechanization, 
such as in the grains. Mechanization has also 
eased the seasonal activity in a number of fruit 
and vegetable crops as well. Examples are in 
cherries and beans. Yet, there remain a num- 
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ber of fresh fruit and vegetable crops which 
are hand harvested utilizing, with existing 
technology and factor prices, large amounts of 
labor over a fairly short duration of time. 

Because of climatic conditions, a number of 
fresh vegetables such as tomatoes can be 
grown domestically only in southern regions 
such as Florida during winter months. As the 
year progresses, climatic conditions are no 
longer suitable in these areas and production 
moves north in the summer. Coincident with 
the crop cycle variations are large seasonal 
variations in the demand for labor. For exam- 
ple, hired employment in Florida varied from a 
high of 111,000 persons in April 1980 to a low 
of 59,000 persons in July 1980 (Florida). Such 
a large variation is further compounded by the 
fact that many of the areas in which such crops 
are grown are rather isolated from large popu- 
lation centers. 

Because of the remote nature of many pro- 
duction areas, few workers can be anticipated 
from local labor markets at the prevailing 
wages. While some may be drawn into the 
labor force on a part-time basis, it is not rea- 
sonable to expect many to give up full-time 
jobs for seasonal harvest work in agriculture. 
The labor market response to the local sea- 
sonal shortage is the temporary attraction of 
domestic migratory and foreign workers. (For 
empirical evidence on agricultural worker re- 
sponse to wage rate differentials, see Emer- 
son.) Moving from south to north with the 
maturation of crops are the corresponding 
movements in pronounced seasonal demands 
for labor. A more formal description of the 
operation of this labor market follows. 

The essential characteristics of the labor 
markets are illustrated in figure 1 (Spreen). 
The market for year around or full-time work 
in agriculture (production jobs, employment in 
other nonseasonal agriculture) is reflected in 
panel a. This could be viewed as reflecting the 
general farm labor market conditions in the 
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area, as suggested by a ''prevailing" wage 
rate, w*. 

The harvest labor market has been sepa- 
rated into panel b of figure 1. The effect of the 
harvest could be considered as a seasonal shift 
in the demand curve and treated in the same 
diagram as full-time workers (as long as we 
can maintain the assumption that the workers 
are homogenous and actually a part of the 
same labor market). Although the diagrams 
are separated, it is assumed that the full-time 
and harvest labor markets are linked. Spec- 
ifically, an excess supply in the full-time mar- 
ket could be expected to shift the harvest labor 
supply schedule to the right. Likewise, an ex- 
cess demand in the full-time market would be 

. expected to shift the seasonal harvest supply 
schedule to the left. 

The demand for harvest labor (D,) is spec- 
ified as relatively inelastic, reflecting the ur- 
gent nature of harvesting most fresh fruits and 
vegetables. The supply schedule for local har- 
vest labor (5j) is also specified as being highly 
inelastic: workers have to be drawn from other 
full-time work or drawn into the labor force on 
a temporary basis. As illustrated, there would 
be a substantial shortage of harvest labor from 
local sources at the prevailing wage of w* de- 


FULL-TIME MARKET 
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termined for full-time workers. Clearly, sea- 
sonal harvest needs could be met by local 
workers only, but only with a sharply in- 
creased wage rate as reflected in panel b, and 
the wage rate wy. Instead workers are at- 
tracted from other areas as reflected by the 
supply schedule for migratory workers, $,. 
This schedule is specified as somewhat more 
elastic than the local harvest supply schedule. 
(For supply elasticity estimates, see Emerson, 
Walker, Andrew.) The total harvest supply 
relation is the horizontal sum of the loca! and 
migratory supply schedules, yielding an 
equilibrium harvest wage rate and employ- 
ment level, L,. The quantity Lj is local har- 
vest workers and the remainder are migratory. 
The equilibrium wage is wp, illustrated here as 
slightly higher than w*, the wage rate for full- 
time workers. While it is conceivable that the 
wage could be lower than w*, observation 
suggests that it is typically higher.! 

The supply curve S, consists of both 


! Harvest workers are paid predominantly by piece rate. The 
average piece rate (converted to an hourly rate) was $4.92 versus 
$4.62 for all farm workers in Florida in January 1981. The April 
1980 difference was even wider: $5.15 for piece rate workers 
versus $4.39 for all workers (Florida Crop and Livestock Report- 
ing Service). 
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Essential characteristics of full-time and seasonal harvest labor markets 


Figure 1. 
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domestic and foreign migratory workers. Al- 
though these could be illustrated with separate 
supply schedules, the implication remains the 
same that sharp variations in seasonal demand 
provide incentives for labor migration, both 
domestic and foreign. Clearly, one means of 
reducing foreign migration is to reduce the 
demand for labor. Importing seasonal prod- 
ucts rather than producing them domestically 
would be one alternative. We turn now to a 
consideration of the relationship between 
trade in goods and factor mobility. 


Trade and Migration 


Jones recently capsulized the theory of trade 
as follows: ‘‘The bulk of the theory of interna- 
tional trade has dealt with the case where all 
factors are trapped and, from Ricardo's time 
to date, the moral of the concept of compara- 
tive advantage has been that any nation can 
find something for its productive agents to do 
that will allow them successfully to compete in 
world markets for the wares they produce”’ (p. 
257). While trade theory is a very rich theory, 
as Jones suggests, much less consideration has 
been given to the implications of factor 
movements than to the trapped factor case. 

The state of trade theory as it relates to 
factor mobility was succinctly stated by Mun- 
dell nearly twenty-five years ago and is worth 
repeating here: 


Commodity movements are at least to some extent 
a substitute for factor movements. The absence of 
trade impediments implies commodity-price equaliza- 
tion and, even when factors are immobile, a tendency 
toward factor-price equalization. It is equally true 
that perfect mobility of factors results in factor-price 
equalization and even when commodity movements 
cannot take place, in a tendency toward commodity- 
price equalization. 
. an increase in trade impediments stimulates 
factor movements and . . . an increase in restrictions 
to factor movements stimulates trade. (1957, p. 321) 


In a subsequent revision of this paper, 
Mundell modified the leading statement to 
read, ‘‘Commodity movements and factor 
movements are substitutes" (1968, p. 85). 
The basic theorem on factor-price equaliza- 
tion following from commodity-price equaliza- 
tion from free trade stems from Samuelson. 
Among the limiting assumptions are that each 
country has the same production function sub- 
ject to returns to scale. It is assumed that there 
are no factor intensity reversals regardless of 
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the factor price ratio, and furthermore, 
specialization does not take place prior to 
commodity price equalization. If these as- 
sumptions are satisfied with the two-country, 
two-commodity, and two-factor world, then 
factor price equalization between countries 
follows directly. 

Mundell proceeded to demonstrate the im- 
pact of relaxing the assumption that capital 
was immobile between countries (1957, pp. 
322-26). He assumed two countries A and B 
producing two commodities, cotton and steel, 


' with the two factors, labor and capital. Coun- 


try A's capital-to-labor ratio is lower than 
country B's, and cotton is labor-intensive rela- 
tive to steel. Assuming no impediments to 
trade and immobile factors, it follows that A 
will export the labor-intensive good, cotton, 
and import the capital-intensive good, steel. 
Consider figure 2, where TT is the product 
transformation curve and U is the social indif- 
ference curve for country A. Under a free- 
trade environment, production would be at 
point P and consumption would be at Q, re- 
sulting in A exporting cotton and importing 
steel. Suppose now that country B decides to 
place a tariff on all cotton imported, and for 
simplicity, let it be prohibitive. (The tariff is 
placed on the opposite good in the opposite 
country as compared to Mundell's 1957 pa- 
per.) Then A must revert to an autarky posi- 
tion, such as R. Production of steel would 
expand, production of cotton would fall. Since 
cotton is labor-intensive, there will follow an 
excess supply of labor in country A relative to 
the position with free trade. Wage rates would 
thus be expected to fall accordingly. 
Simultaneously, the opposite effects would 
result in country B with production shifting 
toward cotton and away from steel. Conse- 
quently, there would develop an excess de- 
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mand for labor in country B, with a subse- 
quent rise in wage rates. Prior to the tariff, 
under the assumed conditions, both countries 
would be producing at points where the mar- 
ginal productivities of the respective inputs 
were the same. The result of the tariff is to 
drive a wedge between them. 

In the presence of trapped factors of pro- 
duction, such a wedge results in pressure for 
either labor or capital to migrate between the 
two countries until net rewards in the two 
countries are equalized. Permitting labor to be 
mobile, we would expect to observe labor 
migrating from country A to country B in this 
case. In the absence of free mobility of labor, 
there will be a pent up pressure for migration 
from A to B. While the world has been greatly 
simplified by the assumptions in the above 
model, the essential characteristics apply to 
Mexico as country A and the United States as 
country B. In place of cotton, we might con- 
sider fresh fruits and vegetables; in place of 
steel, perhaps electronics. 

Although labor mobility is: clearly not 
officially sanctioned between the two coun- 
tries, it nevertheless has taken place on a 
rather large scale. In a world of free mobility, 
migration would continue until marginal prod- 
ucts were equalized in each country. In the 
illegal case, migration would stop short of the 
full equalization of marginal products due to 
the additional costs of labor movement and the 
risk of apprehension and detention or deporta- 
tion. 

Mundell’s analysis is also suggestive of a 
means by which a domestic economy could 
return to production with only its own re- 
sources. Consider figure 3, where 7',T', repre- 
sents the production possibility curve after the 
migration of labor to B from A subsequent to 
the tariff that was discussed above. Thus B's 
resource base has been augmented. Further- 
more, assume that it has been augmented to 
the point where migration has stopped be- 
cause of equalization of marginal products. 

The initial point is thus one of no trade 
reflected by point C, the equilibrium point on 
the augmented transformation curve. Suppose 
now that free trade is reinstated. There will be 
no movement from point C because marginal 
products and commodity prices will have been 
equalized due to factor mobility. 

Country B now decides that foreign labor is 
undesirable and decides to tax the earnings of 
foreign workers. The result is a reduction in 
the net returns of foreign labor in B. Conse- 
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Figure 3. Country B 


quently, foreign labor will leave country B, 
returning to country A. Country B's produc- 
tion contracts to the transformation curve 
T,T,. In the absence of trade, the price of fresh 
fruits and vegetables would rise relative to the 
price of electronics. But with free trade, B will 
import fresh fruits and vegetables in exchange 
for electronics. Production would be at E and 
consumption at D. Thus, the factor market 
restriction has induced trade in products to 
restore product and factor price equality. 

In the context of the United States and 
Mexico we have both trade and factor mobility 
impediments. Focusing merely on the fresh 
fruit and vegetable market, the above would 
suggest that one step in alleviating immigra- 
tion pressures would be to remove the tariff on 
fresh fruits and vegetables. An additional step 


potentially to reverse the flow of workers and 


return to a national work force would be to tax 
the earnings of foreign workers in the United 
States. The extent to which these actions 
would actually remove the stimulus for further 
migration to the United States would require 
further analysis, given the presence of other 
distortions in both economies. Nevertheless, 
that there is a trade-off between product and 
factor market trade impediments has been 
missing from most considerations of the alien 
labor issue. (The work of Hiemenz and Schatz 
is an exception to this.) 


Welfare Considerations 


A recent paper by Bhagwati and Brecher 
sheds additional light on welfare gains and los- 
ses in open economies with foreign-owned fac- 
tors of production. The above discussion has 
proceeded from the assumption that a nation 
was only concerned with either equalization of 
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factor prices or impeding factor movement 
into, or out of, the country. Bhagwati and 
Brecher approach the question of determining 
the impact of trade policy on domestic factors 
in the presence of foreign-owned factors. 

A standard result of trade theory is that an 
improvement in the terms of trade will im- 
prove the welfare of the nation. Bhagwati and 
Brecher caution that in the presence of for- 
eign-owned factors of production, such an im- 
provement in terms of trade may actually re- 
duce the welfare of the nationally owned fac- 
tors. The necessary conditions for this to 
occur are what they label a differential-trade- 
pattern effect. They contrast an economy 
operating with national factors only versus 
one with both domestic and foreign factors of 
production. The differential-trade-pattern that 
they identify results when movement from au- 
tarky to free trade implies trade in opposite 
directions in the presence of foreign factors of 
production versus production with only 
domestic factors.? If this differential-trade- 
pattern effect is sufficiently strong, the welfare 
of domestically owned factors may be reduced 
as a result of free trade. Empirical evidence 
would be helpful in identifying the likelihood 
of this possibility. 

Jones arrives at essentially the same result 
as Bhagwati and Brecher regarding the welfare 
of domestically owned factors. (p. 256) He 
considers countries in which foreign nationals 
and foreign capital are combined with domes- 
tic labor and capital to produce traded goods. 
The impact of a commodity price change on 
domestic remuneration is then intertwined 
with the share of domestic versus foreign- 
owned resources in the production of each 
good. 

Jones' paper asserts that recognition of 
international mobility of factors of production 
limits the inferences which can be drawn on 
the basis of the law of comparative advantage. 
Jones closes his paper with the following 
statement: ‘‘Once trade theorists pay proper 
attention to the significance of these interna- 
tionally mobile productive factors, the doc- 
trine of comparative advantage must find room 
as well for the doctrine of ‘‘relative attractive- 
ness’’ where it is not necessarily the technical 
requirements of one industry versus another 
that loom important, it is the overall appraisal 


? 'This applies to the case when neither the domestic only nor the 
domestic plus foreign factors have resulted in specialization for 
the same product price ratios. For thc other cases of specializa- 
tion, see Bhagwati and Brecher. 
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of one country versus another as a safe, com- 
fortable, and rewarding location for residence 
of footloose factors.” (p. 258). 

Although there remain uncertainties related 
to distributional issues with mobile factors, 
there appears to be little question among 
economists that trade in products substitutes 
for factor movements. However, with com- 
plete freedom of factor mobility and immobile 
technology, as Jones asserts, a country with 
inefficient technology may not be able to at- 
tract any resources for production. The degree 
to which this can be avoided is an important 
question in an increasingly shrinking world. 


Agricultural Trade and Seasonal Labor 
Demand 


Agricultural products of major interest in the 
context of this paper are sugar, apples, to- 
matoes, citrus, and fresh vegetables. Among 
these, further distinctions are necessary con- 
cerning the seasonal potential for trade.? 
Among fresh fruits and vegetables, the major 
geographic area of interest is Mexico and 
other Central American countries and the 
Caribbean nations. They are sufficiently close 
to ship products for the fresh market and also 
have a temperate to sub-tropical climate per- 
mitting them to produce tomatoes and vegeta- 
bles during the winter season when it is not 
feasible in most areas of the United States. By 
the same token, production of vegetables in 
these areas virtually ceases during the warmer 
season when northern areas of the United 
States come into production. 

Winter production is feasible in both the 
United States as well as Mexico and Carib- 
bean areas; the primary consuming market is 
the United States. Consequently, increased 
domestic production suggests decreasing for- 
eign production and diminished demand for 
Mexican and Caribbean labor. Assuming a 
world of trapped factors, the United States 
would have an excess demand for labor, 
Mexico and the Caribbean an excess supply of 
labor. This situation in the labor markets 
would suggest an increased incentive to mi- 
grate to the United States during the winter 
season. Likewise, a diminished level of 
domestic production would be expected to 


3 | use the term '"'potential for trade’’ as the possibility of both | 
regions producing the product in the same season. This is in 
contrast to the more common usage to reflect an improvement in 
the terms of trade. 
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yield the opposite results, increasing Mexican 
and Caribbean employment and reducing the 
demand for labor in the United States. 

Consider now alternative means of equilib- 
rating labor and product markets. Imports 
from Mexico and the Caribbean are not feasi- 
ble in the summer months. One option is to 
balance U.S. seasonal labor needs through 
domestic migration. If not explicit, this has 
been our implicit policy by maintaining the 
limited H-2 temporary labor program. How- 
ever, the mobility of goods and factors re- 
mains tied together across seasons as well as 
within season. For example, if all of our winter 
vegetables were imported, domestic migratory 
labor would have diminished employment op- 
portunities during the winter season. Alterna- 
tively stated, there would be an excess supply 
of domestic migratory labor; it would be more 
difficult to piece together a year-round em- 
ployment pattern through migrating. In the ex- 
treme case, there would be no domestic offset- 
ting seasonal variations in labor demand. 

The trade model would suggest that an al- 
ternative is trade in products during the winter 
season, but mobility of labor across the bor- 
ders: during the summer. Whether or not this is 
desirable depends upon the respective product 
and factor prices, technologies, and tastes and 
preferences. The important point, however, is 
that the seasonal production areas are intri- 
cately tied together across the seasons through 
the labor markets.* It should be noted that a 
potential result of increased imports of to- 
matoes during the winter months could be in- 
creased use of foreign labor due to a reduction 
in domestic mobility. However, this does not 
deny the existence of increases in welfare 
through such an arrangement. 

Domestic citrus production, unlike vegeta- 
bles, is located only in the warmer climates. It 
is also distinct in that the harvest is an ex- 
tended period lasting several months. In con- 
trast to vegetables, the fruit can be stored on 
the tree without rapid deterioration. Although 
citrus is not produced in northern areas of the 
United States, other tree crops, such as apples 
and cherries, are harvested there in late sum- 
mer.> The domestic seasonal labor demands 


* The assumption that the harvest labor market for vegetables is 
distinct from that for other products is a gross simplification. 
Nevertheless, the first-order effects would be in the same direc- 
tion. 

* The matching of seasonal demands across regions with similar 
crops is in accordance with observed work patterns; few seasonal 
workers work in both tree crops and vegetables. This does not 
deny, however, that with the appropriate wage structure workers 
would not do both types of work. 
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tend to balance in a similar fashion to the 
vegetable case considered above. 

Citrus is also produced in Mexico. and 
Caribbean areas, thus suggesting a situation 
similar to the vegetable case. There is the po- 
tential for importation of citrus, with a conse- 
quent reduction in demand for labor during the 
winter season. The result would again be an 
excess demand for labor by other domestic 
tree crop producers. The latter effect could be 
resolved through a combination of three dif- 
ferent mechanisms: (a)an increase in the 
wage rate, (b) increased use of foreign work- 
ers, or (c) increased price of the product, re- 
ducing the market-clearing quantity. 

The seasonal use of labor in sugar is unique 
to Florida. Beet sugar is largely mechanized. 
Likewise, cane sugar in Louisiana and Hawaii 
is- mechanized. Florida's combination of 
weather and muck soils have impeded the ex- 
tent to which its cane is mechanically har- 
vested. British West Indies -workers have 
come to Florida under the H-2 program on a 
regular basis to plant the cane and harvest it 
by machete. Growers are annually certified by 
the Department of Labor that domestic labor 
is not available for the. harvest, although one 
could easily argue that at some wage rate, 
Jabor would be forthcoming. Moreover, even 
if this priced Florida out of the market, sugar 
is widely available on the world market, not 
uncommonly at prices below the domestic 
price. However, as suggested by Welch, once 
the industry is in place as it is, the loss of 
secondary employment (processing, for ex- 
ample) may exceed any potential gains to 
domestic harvest workers. The question of 
who would gain or lose as a result of the ter- 
mination of the program would be particularly 
informative. 

It is clearly unreasonable to expect that 
wage rates between the United States and 
Mexico would be equated with the types of 
adjustments resulting from shifts in agricul- 
tural production suggested as possible here. 
Nevertheless, it should be clear that the exist- 
ing impediments to trade in the products dis- 
cussed above serve to motivate foreign work- 
ers to migrate to the United States for agricul- 
tural work and increase the demand for. low 
cost (foreign) workers in the United States. 
(See Zepp and Simmons for information on 
trade impediments on vegetables.) Further- 
more, the focus of this paper has been re- 
stricted to seasonal agricultural product and 
labor markets. A much. larger portion of en- 
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trants is believed to be in nonagricultural pro- 
duction, e.g., the service industry, the gar- 
ment industry. 


Capital Mobility 


Major attention has been given to the trade- 
offs between labor mobility and trade in prod- 
ucts. Equally important is the mobility of capi- 
tal. In a world of factor mobility, a disequilib- 
rium leading to labor mobility could equally be 
satisfied by a flow in the opposite direction of 
capital. In fact, most of the trade literature 
dealing with factor mobility has considered the 
case of capital mobility (Mundell). The inter- 
est is currently in labor mobility because of the 
large number of entrants who have found their 
way into U.S. labor markets. 

Consider the relatively capital-rich country 
placing a prohibitive tariff on the labor-inten- 
sive good, thereby moving from free trade to 
an autarky position. With capital mobility, 
capital would flow to the country well en- 
dowed with labor. With labor mobility, labor 
would flow to the capital-rich country. With 
mobility of both factors, each factor would 
move in opposite directions until equilibrium 
were again achieved. 

In the context of the United States and 
Mexico, for example, capital mobility is 
sanctioned to an extent. Mexico has had the 
51% rule assuring Mexican nationals of con- 
trol of capital investments. Such restrictions 
increase the risk of foreign investment in a 
country such as Mexico and impede the flow 
of capital. Other important considerations are 
the potential for immiserization resulting from 
foreign investment (Bhagwati and Tironi). 


Concluding Comments 


The theme of this paper has been that trade 
and international labor migration are intri- 
cately linked. Increased trade impediments 
induce labor and/or capital mobility. The fairly 
simplistic models considered suggest that free 
trade could reduce the incentives for migration 
to the United States for harvest work during 
the winter season. By the same token, it could 
lead to increased migration during the summer 
season. Whether or not this would lead to a 
welfare improvement in either or both coun- 
tries would require much more detailed empir- 
ical analyses of the product and labor markets 
in the respective countries. 
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This paper has not given adequate attention 
to the problems of growth and development as 
related to trade (see, e.g., Johnson). In this 
sense, the discussion is biased toward the 
United States. A major issue is how trade can 
benefit countries such as Mexico or Caribbean 
nations. This becomes particularly acute when 
factor mobility is permitted. It is fairly clear 
that if the United States were to open its doors 
for immigration, or at least for work, there 
would be a vast movement from Mexico and 
particularly Caribbean nations to the United 
States. A true advocate of open markets 
would find no problem with this mobility and 
suggest the gains that would follow. However, 
the prevalence of public assistance programs 
in the United States poses a serious domestic 
problem for this approach. 

In the absence of permanent immigration, 
temporary work programs such as the H-2 
program or guestworker programs are a means 
of permitting labor to migrate legally. A con- 
cern about guestworker programs is often that 
the host country gains at the expense of the 
source country. (But see Bhagwati and 
Brecher for considerations on how the domes- 
tically owned factors could possibly lose.) The 
individual who migrates for work from either 
Mexico or Jamaica to the United States faces 
wages several times higher than in his home 
country. Individual gains clearly have the po- 
tential for being large. The way in which the 
funds are used upon return to his home coun- 
try is particularly important. But significant 
domestic market distortions can nullify poten- 
tial gains to the guestworkers' home economy 
if earnings are used for consumption rather 
than investing in human or physical capital. 
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Employment Implications of Exporting 
Processed U.S. Agricultural Products 


David Blandford and Richard N. Boisvert 


The importance of international trade in the 
U.S. economy has increased dramatically in 
recent years. Between 1970 and 1980, mer- 
chandise exports rose from 3.9% to 8.4% of 
gross national product (U.S. Department of 
Commerce 1971, 1981). The growth in interna- 
tional markets has been particularly significant 
for agriculture. In 1970, exports accounted for 
14.496 of the value of farm marketings, while 
by 1979 they had increased to 24.3% (U.S. 
Department of Agriculture 1980). 

Much of the interest in the recent growth in 
agricultural exports has focused on its implica- 
tions for the balance of payments and farm 
incomes. Less attention has been given to the 
question of whether the United States is realiz- 
ing the maximum gains for the economy as a 
whole from foreign market opportunities. One 
way to address this broader question is to ex- 
amine the contribution of agricultural exports 
to national employment and income, recogniz- 
ing that such exports generate economic activ- 
ity throughout many sectors of the economy. 
The nature and distribution of this activity de- 
pend not only on the total volume of commod- 
ities but on the form in which they are ex- 
ported. 

The current administration has expressed a 
desire to increase the proportion of agricul- 
tural commodities exported in processed form 
and is intensifying its efforts to promote such 
products overseas (Washington Agricultural 
Record). Work has been initiated within the 
U.S. Department of Agriculture (USDA) to 
examine the potential for expanding processed 
exports and the employment implications of 
such expansion (Schluter and Clayton). The 
purpose of this paper is to complement these 
efforts in order to assist policy makers in as- 
sessing the implications of expanding pro- 
cessed exports. The analysis is placed into 
perspective by first examining the recent his- 
torical importance of primary and processed 


The authors are associate professors in the Department of Agricul- 
tural Economics, Cornell University. 


agricultural exports and the nature and alloca- 
tion of U.S. expenditure on foreign market 
development. Next, the employment contribu- 
tion of major categories of processed exports 
is estimated, and finally the major policy im- 
plications derived from this information are 
identified. 


Trends in Agricultural Exports 


Data on U:S. agricultural trade are readily 
available. In most cases, a useful distinction 
can be made among the primary commodity 
(or commodity group) and its first- and sec- 
ond-stage processed forms. For example, 
wheat can be exported in its primary form as 
grain, after ‘‘first-stage’’ processing in the 
form of flour, or after ‘‘second-stage’’ process- 
ing as a component in packaged food prod- 
ucts. Corn, on the other hand, could be ex- 
ported directly as grain, as part of a prepared 
feed mixture, or embodied in livestock. 
Recent trends are examined for major com- 
modity groups by aggregating available data in 
terms of primary agricultural commodities and 
their counterparts at a ‘‘first-stage’’ of pro- 
cessing. The aggregates in table 1 do not ac- 
count for agricultural products that constitute 
a small proportion of the value of numerous 
manufactured exports. For example, the pri- 
mary oilseeds category includes soybeans, 
cottonseed, and other oilseeds; the processed 
category includes vegetable oils, meals, and 
oilcake. Primary livestock includes exports of 
live animals, whereas the processed livestock 
category includes carcasses, meats and meat 
products, and animal by-products. Other cate- 
gories are defined using parallel distinctions 
between primary and processed forms. There 
are two categories of processed agricultural 
exports in table 1 which are not reported in the 
agricultural export data, although they em- 
body a substantial component of primary ag- 
ricultural product and are therefore consistent 
with the above notion of first-stage processing. 
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Yarn and cloth comprise the bulk of processed 
cotton exports, while processed tobacco 
includes cigarettes, pipe tobacco, and other 
manufactured tobacco products. 

Table 1 contains the value of primary and 
processed exports in 1973 and 1980 for eight 
major commodity aggregates. Nominal values 
were deflated by the corresponding compo- 
nents of the U.S. wholesale price index to 
convert to 1972 constant dollars. The average 
annual growth rates reported in the table are 
also based on constant dollar values. 

After accounting for inflation over the 
1973-80 period, the total value of exports in 
the categories listed increased from $11 billion 
to $19 billion. This represents an average an- 
nual growth rate of just over 8%. The growth 
rates for primary and processed products were 
roughly the same. In each of the years, 72% of 
the total value was made up by primary prod- 
ucts and 2896 by processed products. The 
tremendous increase in U.S. exports of pri- 
mary feed grains and oilseeds during the 1970s 
is generally acknowledged; interestingly, pro- 
cessed exports as a group kept pace and con- 
tinue to constitute a significant portion of the 
total. 

In 1973, developed countries (DCs) ab- 
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sorbed 63% of all U.S. agricultural exports. 
By 1980, this proportion had dropped to 5296. 
While some of this change is explained by a 
small relative increase in exports to centrally 
planned countries (CPCs), the major shift has 
been toward markets in less developed coun- 
tries (LDCs). This shift is particularly pro- 
nounced for processed exports; in 1973, only 
26% of processed exports were destined for 
LDC markets, whereas by 1980 this percent- 
age had risen to 4396. There are several forces 
which have contributed to this marked expan- 
sion; rising incomes in many LDCs over the 
period, coupled with their lack of primary pro- 
cessing capacity, are certainly contributing 
factors. From a policy perspective, this 
change in the distribution of products across 
markets is as significant as the change in their 
total volume. 


Market Promotion 


Despite the fact that the rapid increase in ag- 
ricultural exports is a relatively recent phe- 
nomenon, U.S. government activities to main- 
tain or expand overseas markets date back at 
least to 1953, with the creation of the Foreign 


Table 1. Principal Exports of Primary and Processed Agricultural Products by the United States 














1973 Value of Exports 1980 Valuc of Exports Average Annual 
: Growth Rate 
Distribution* Distribution* of Value of 
Commodity Exports 
Group Total DC LDC CPC Total DC LDC CPC (1973-80) 
($mi. 1972) ——------ (96) — ($mil.1972) —------- (86) ------- (96) 
Primary 
Food grains 2,350 26 53 21 3,303 23 55 23 4.9 
Feed grains 2,287 72 16 12 4,716 56 28 16 11.8 
Oilseeds 1,531 86 8 6 3,064 79 15 6 10.3 
Livestock 125 80 18 2 93 76 24 0 -4.6 
Poultry 13 48 52 0 25 36 62 2 9.1 
Fruits and vegetables 341 86 13 I 539 76 24 7 5.1 
Cotton 574 44 43 13 1,211 35 39 26 10.4 
Tobacco 684 84 15 1 743 71 26 2 — 
Subtotal 7,905 61 27 12 13,694 53 32 15 8.2 
Processed 
Food grains 137 5 95 0 138 2 98 b — 
Feed grains 22 56 44 0 33 38 62 0 4.4 
Oilsecds 809 64 17° 8 1,576 44 41 15 9.1 
Livestock 1,001 71 23 6 1,535 62 33 6 8.2 
Poultry 64 65 35 » 332 33 65 2 22.5 
Fruits and vegetables 468 75 24 1 815 53 45 1 6.1 
Cotton 254 NA? NA NA 298 NA NA NA — 
Tobacco 279 NA NA NA 518 NA NA NA 11.4 
Subtotal 3,034 66 26 8 5,245 50 43 8 8.1 
Total 10,939 62 27 11 18,939 52 35 13 8.2 





Sources: U.S. Department of Agriculture 1974-81, U.S. Department of Commerce 1974-81, U.S. Department of Labor 1973-81. 
* Destination of exports by region. DC is developed countries; LDC is less developed countries; CPC is centrally planned countries as 
defined by the USDA. Percentages for subtotals and total are weighted averages using export value shares. Processed cotton and tobacco 


are excluded. 
^ Less than 0.596. 


* For individual commodity groups, computed from semilog trend line and only quoted if the null hypothesis of zero growth was rejected 
at the 10% level or above. For subtotals and total, computed as the compound growth rate implied by 1973 and 1980 values. 


4 NA means not available. Detail may not add due to rounding. 
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Agricultural Service (FAS). Since its incep- 
tion, the FAS has undertaken a variety of pro- 
grams to facilitate sales of U.S. agricultural 
commodities overseas. Many of the agency's 
promotional activities are carried out jointly 
with market development co-operators. These 
are primarily farm-oriented groups represent- 
ing specific commodity interests. Within the 
co-operator program, two basic approaches 
have been used. Trade servicing, the provision 
of information on price, availability, usage, 
and technical application of U.S. products in 
overseas markets, is particularly well-adapted 
to bulk, unprocessed commodities. Consumer 
promotion, the use of media advertising and 
other techniques to promote generic or 
brand-name products, is generally used by 
co-operators representing producers of semi- 
processed and processed products. 

In table 2, FAS co-operator program expen- 
ditures are allocated between primary and 
processed products. Unpublished data on ex- 
penditures by co-operator and by country 
were available on a fiscal year basis. Funds 
provided to each co-operator were allocated 
entirely to the primary or processed product 
category corresponding to the co-operator's 
major commodity interest. The resulting dis- 
tribution is approximate because some co- 
operators undertake activities relating to both 
the primary commodity and its processed 
counterpart. However, the allocation was 
applied consistently, and the relative differ- 
ence in expenditures by category and market 
between the two years is therefore less sensi- 
tive to errors in classification. 

According to the table, FAS expenditures 
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through the co-operator program totaled just 
over $9.6 million in fiscal 1974. By fiscal 1980, 
they had increased by 76%. Although it would 
be difficult to adjust this increase to reflect the 
change in the purchasing power of these dol- 
lars overseas, the U.S. wholesale price index 
increased by roughly 71% over the same pe- 
riod. This suggests that real expenditures have 
been relatively constant. Although the figures 
indicate the federal government's contribu- 
tion, they do not represent the total resources 
devoted to market promotion through the co- 
operator program. Unpublished data suggest 
that federal funds are supplemented by ap- 
proximately $2.5 of co-operator and foreign 
third party contributions in the form of cash or 
goods and services per dollar of FAS expendi- 
ture. These are not included in the table 
because their distribution by market was un- 
available to the authors. Based on the figures 
for FAS expenditures alone, it appears that 
the share devoted to processed commodities 
has declined in recent years. On the other 
hand, the share allocated to product promo- 
tion in LDCs has increased. 

The reduction in the proportion of FAS ex- 
penditures devoted to processed products 
through the co-operator program is explained 
by a shift to other promotional activities. 
These expenditures have increased from 1076 
to 18% of the total between fiscal 1974 and 
1980 and support trade offices, multicommod- 
ity programs initiated by FAS and the Export 
Incentive Program designed to promote 
branded products. (See McKinna for details.) 
The distribution of these expenditures has also 
shifted towards LDC markets, but the shift 


Table 2. Foreign Agricultural Service Expenditures on Market Development Programs 

















Fiscal 1974 Fiscal 1980 
Market Market 
Distribution? Distribution? 
Expenditures DC LDC CPC Expenditures DC LDC CPC 
(1,000 (5)  ------- (9) ------- ($1,000) (9) | ------- (9) ------- 
Co-operator program 
Primary® 7,213 67 77 23 0 13,619 66 70 30 0 
Processed? 2,421 23 90 10 0 3,378 16 . 92 8 0 
Subtotal 9,634 90 80 20 0 16,997 82 74 26 0 
Other programs* 1,104 10 94 4 2 3,689 18 72 23 5 
Total 10,738- 100 82 18 0 20,686 100 74 25 1 








Source: Unpublished USDA (FAS) data. 
* See table 1: ! 


b Funds used by FAS co-operators, allocated according to their major commodity focus. 
* Expenditures on trade offices, projects initiated by FAS and Export Incentive Programs. (See McKinna for description.) 
4 Excludes expenditures which could not be allocated regionally, accounting for 1% of the total in 1974 and 496 in 1980. 
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has been more dramatic than in the co- 
operator program. l 


Exports and Employment 


The rapid expansion of agricultural exports 
implies that overseas sales are of growing im- 
portance to U.S. agricultural producers. This 
direct linkage is the primary motivation under- 
lying the market promotion activities of the 
FAS. However, it is also desirable to identify 
the returns to promotional activities for the 
nation as a whole. A complete evaluation is 
beyond the scope of this paper, but would 
involve two major components. One compo- 
nent is an assessment of the effectiveness of 
public expenditure in expanding overseas 
markets. The second is the determination of 
the benefits derived from such expansion by 
agriculture and other sectors of the economy. 
The remainder of the paper contributes to this 
second component. 

In assessing the economy-wide benefits of 
export expansion, one would need to estimate 
the net returns to all factors of production 
attributable directly or indirectly to agricul- 
tural sales overseas. A major consideration is 
the implication for employment, particularly 
in light of recent increases in the unemploy- 
ment rate. The number of jobs generated 
throughout the economy depends not only on 
the total volume of agricultural exports, but 
also on the degree to which they are processed 
prior to export. 

An interindustry analysis for the U.S. econ- 
omy is used to estimate the domestic employ- 
ment attributable to agricultural exports. The 
analysis is based on the 1972 detailed input- 
output table, the most recent one available 
from the U.S. Department of Commerce. This 
table divides the U.S. economy into nearly 500 
sectors and delineates their purchases of indi- 
vidual commodities. Using procedures out- 
lined by Su, transactions were estimated on a 
commodity-by-commodity basis. Based on 
this reformulation, it is possible to determine 
the direct input requirements per dollar of 
output on a commodity rather than an industry 
basis. This procedure eliminates the problems 
created by secondary products in the usual 
industry-by-industry delineation and facili- 
tates an aggregation consistent with the pri- 
mary and processed agricultural commodity 
distinction introduced above. 

An aggregate table containing forty-five sec- 
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tors was constructed for the analysis. Eigh- 
teen sectors were designed to correspond as 
closely as possible to the agricultural commod- 
ity aggregates delineated in table 1. The re- 
maining sectors were combined into twenty- 
seven aggregates, containing one or more sec- 
tors of the economy defined by the two-digit 
SIC industrial classification (Executive Office 
of the President). 

Within the model, exports to foreign coun- 
tries are treated as exogenous additions to 
final demand. Accordingly, one can calculate 
the level of sales of all commodities through- 
out the economy (s,) generated by a particular 
dollar value of export sales of commodity j (x,) 
from 

n 
(1) sy = b» Cy Xj, 
fet 


where c, is the i,jth element of the Leontief 
inverse (I — A)~!, A being an n X n matrix of 
the dollar value of input i per dollar of output 
j.! This information, combined with estimates 
of the direct employment generated per dollar 
of output for each commodity i (w,), can be 
used to calculate the direct and indirect em- 
ployment throughout the economy (ej) attrib- 
utable to a particular dollar value of export 
sales: 
R 
(2) €; = X Wi Cy Xj. 
i=1 

Employment data for 1972 from County 
Business Patterns were used extensively to 
estimate direct employment coefficients (U.S. 
Department of Commerce 1973). These data 
are organized on an industry basis rather than 
by commodity. To adjust the figures to reflect 
the commodity structure of the input-output 
table, the Commerce Department’s data on 
the make of commodities by industry were 
used to reapportion total industry employment 
(U.S. Department of Commerce 1979). In the 
case of primary agricultural products, em- 
ployment figures are not available from 
County Business Patterns (CBP). Data from 
Merrill were used. 

The employment coefficients generated in 


! The model assumes that the household sector is exogenous, 
that is, consumer final demand is unaffected by changes in 
household income. This is an unrealistic assumption for a national 
model and implies that the sales attributed to exports are under- 
stated. Data were not available to the authors to close the system 
with respect to houscholds. However, the underestimation of total 
sales ís proportional across sectors (Bradley and Gardner) and an 
intersectoral comparison of the relative impact of exports on em- 
ployment is unaffected. 
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this fashion must be interpreted with some 
care. CBP figures cover 7696 of all civilian 
wage and salary employment and are a count 
of employees during a single pay period. There 
is no way to determine how much of the em- 
ployment recorded is full-time rather than 
part-time, or to assess how much seasonal 
employment is included. The implication of 
partial coverage is that the employment im- 
pact of exports will be understated. The inclu- 
sion of part-time employment may partially 
offset this understatement. 

One way to assess the importance of ag- 
ricultural exports from an employment 
perspective is to estimate the total number of 
jobs in the economy attributable to exports 
using equation (2). Table 3 contains such es- 
timates for 1973 and 1980 exports, measured in 
constant 1972 dollars to be consistent with the 
valuation in the interindustry table. Between 
these two years, the estimated number of jobs 
due to agricultural exports increased from just 
under 0.9 million to roughly 1.4 million or by 
68%. In both years, approximately three- 
quarters of these jobs were attributable to 
primary exports. This is close to the propor- 
tion that such exports represented of the total. 
As might be expected, the distribution of the 
jobs created by primary and processed exports 
differs across sectors of the economy. For 
processed products, two-thirds of the total 
employment generated is in agriculture, 
whereas for primary products it is almost 80%. 
The difference reflects the value added from 
other sectors in processing. 

Table 3 provides an important historical 
perspective on the contribution of primary and 
processed agricultural exports to employment. 
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However, given the administration's interest 
in the expansion of processed exports, it is 
necessary to compare the net employment ef- 
fects of expanding the eight categories of such 
exports. The net effect is computed by es- 
timating the total employment attributable to 
$1 million of processed exports and then by 
netting out the employment contribution of the 
primary commodity embodied in the pro- 
cessed export. That is, the total employment 
effect is reduced by the number of jobs that 
would have been generated had the embodied 
primary commodity been exported in unpro- 
cessed form. Algebraically, the net employ- 
ment effect (e,*) is 


3) 


_ (dm cn) veut) p 


where w, c, and x are defined as in equations 
(1) and (2), the subscript p denotes an agricul- 
tural processing sector, and the subscript u 
denotes its corresponding primary sector. The 
term Zw, Cp is the direct plus indirect em- 
ployment per dollar of processed exports; the 
term Zw, Ciu is a similar expression per dollar 
of primary exports; c,,/c,,, the ratio of two 
elements of the Leontief inverse, estimates the 
equivalent dollar value of unprocessed exports 
per dollar of processed exports.? 


? Schluter and Clayton calculate the net employment from ex- 
porting a million dollars of primary product in processed form. 
Their approach, although logically consistent with the one above, 
was not used in this paper because it makes the direct comparison 
of tbe expansion of different categories of processed exports more 
difficult. 


Table 3. U.S. Employment Generated by Major Agricultural Exports 











Direct Plus Employment Generated by 
Indirect Employment* Sector as Percent of Total® 
Percent of Total Agriculture 
Commodity 1973 1980 E REA JH EIC E n 
Group Exports Exports 1973 1980 Year Primary Processed Other 
-- (1,000 Jobs) -- 
: 1973 78 t 21 
Primary 652 1,074 75 74 1980 7 » 23 
1973 45 23 33 
Processed 213 375 25 26 1980 46 21 33 
Total 865 1,449 100 100 





2 Derived from the 1972 detailed input-output table of the U.S. economy, U.S. Department of Commerce 1979; independent estimates of 
1972 direct employment coefficients based on data from U.S. Department of Commerce 1973; Merrill; and the constant dollar export 
figures given in table 1. The input-output table was structured on a commodity-by-commodity basis and was reaggregated to reflect the 16 
primary and processed agricultural sectors in table 1. The reaggregation was accomplished by an algorithm from Boisvert and Bills. 
? Represents the percentage of direct and indirect employment that is generated in agriculture and other sectors of the economy. 


* Less than 0.596. 
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Change in Employment from Processing Agricultural Exports 





Processed ] 
Agricultural Exports 


Equivalent Primary 
Agricultural Exports 





Direct and 
Indirect 
Commodity Group 


Value Employment? Value? Employment? Totale 


Direct and Net Change in Employment Distribution* 


Indirect 





Agriculture 
Primary Processed Other 





($1,000) (Jobs) ($1,000) 
Food grains 1,000 57 128 
Feed grains 1,000 56 198 
Oilseeds 1,000 58 513 
Livestock? 1,000 75 287 
Poultry* 1,000 102 186 
Fruits and vegetables 1,000 71 110 
Cotton 1,000 90 63 
Tobacco 1,000 64 203 


(Jobs) (Jobs) --------- (96) --------- 

8 49 8 55 37 
13 43 20 29 51 
27 31 28 25 47 
I8 57 51 20 29 
11 91 4l 31 28 
15 56 8 40 52 

9 81 I 68 31 
44 20 1 49 50 





? Derived from the 1972 detailed input-output table of the U.S. economy (see table 3). 
^ Dollar value of unprocessed agricultural exports embodied in $1 million of processed agricultural exports. It is calculated from the ratio 
of two elements of the Leontief Inverse (c,,/c,,), where u refers to the unprocessed sector and p refers to the processed sector. 


© Column 2—column 4. 


* Represents the percentage of the net change in employment generated in agriculture and other sectors of the economy. 
* The primary export component is feed grains and oilseeds rather than primary livestock or poultry. Thus, the net employment is 
attributable to the livestock and poultry producers as well as processors. 


The data in table 4 demonstrate that the 
total number of jobs created by an expansion 
of processed exports by $1 million (1972) dif- 
fers substantially across commodity groups. It 
ranges from a low of 56 for feed grains to a 
high of 102 for poultry. The total employment 
effects are lowest for processed grains and 
oilseeds. The net effects differ in terms of their 
relative ranking, although poultry still ranks 
highest. The smallest total effect is in feed 
grains, but the smallest net effect is in 
tobacco. Much of this difference is due to the 
relative values of the primary agricultural 
commodities that would be exported in unpro- 
cessed form. In general, where the equivalent 
value is low (as it is in food grains), the net 
effect tends to be closer to the gross effect. A 
contributing factor to the high net effects in 
poultry and livestock is the way in which their 
primary agricultural component is defined. 
For these commodities, the appropriate com- 
parison is not the export of live animals versus 
processed meats and poultry. Rather, the rel- 
evant alternatives are the export of feed 
directly or feed embodied in livestock prod- 
ucts, because exports of live animals are 
dominated by breeding stock. Thus, the 
equivalent primary agricultural export (e.g., 
$287,000 in the case of livestock) is the value 
of embodied feed grains and oilseeds.’ 


? This procedure entailed a slight modification of equation (3) by 
subtracting the employment attributable to the equivalent dollar 
value of two primary inputs. This more complicated calculation 


Because exporting processed rather than pri- 
mary feed grains is also an alternative, a cate- 
gory for processed feed grains was included in 
the analysis. 

The treatment of livestock and poultry par- 
tially explains why the proportion of the net 
change in employment going to primary ag- 
riculture is considerably higher than for other 
commodities. For example, over 40% of the 
net effect for poultry is in primary agriculture 
because raising poultry is viewed as the first 
stage in the indirect export of feed. However, 
the proportion of the net change in employ- 
ment going to primary agriculture varies 
across the other commodity groups as well 
and appears to be inversely proportional to the 
degree of processing involved. 


Policy Implications 


The policy implications of this analysis follow 
from the observations made above regarding 
export trends, promotional expenditures, and 
employment. The first observation is that in 
recent years, processed agricultural commod- 
ities have made a significant contribution to 
the total value of U.S. agricultural exports. 
Despite the rapid growth in primary exports 
since 1973, processed exports have kept pace, 


could have been used generally to net out all embodied primary 
agricultural commodities in processed exports. In the majority of 
cases, primary inputs other than those corresponding to the major 
commodity group were insignificant and were therefore ignored. 
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maintaining a share of roughly 28%. The prin- 
cipal factor sustaining the 8% annual growth 
rate in processed exports has been a tremend- 
ous expansion in sales to LDCs. Second, dur- 
ing the same period, federal government mar- 
ket promotion expenditures through the FAS 
have shifted towards LDC markets, but 
preliminary estimates suggest that the share 
of expenditures allocated to processed prod- 
ucts has tended to decline. Third, processed 
products account for roughly 25% of the total 
number of jobs generated by agricultural ex- 
ports in the U.S. economy. Because of the 
additional value added in processing, there 
would be a net increase in employment if for 
each agricultural commodity a larger propor- 
tion of its total exports were in -processed 
form. The magnitude of the net increase dif- 
fers by commodity as does its distribution be- 
tween production agriculture and other sec- 
tors of the economy. 

From a policy perspective, recent experi- 
ence demonstrates that opportunities for ex- 
panding processed agricultural exports have 
been realized. Rates of export expansion equal 
to or above the average for all primary com- 
modities have been experienced for several 
processed products: poultry, tobacco, 
oilseeds, and livestock. It is difficult to assess 
whether historical growth rates will be sus- 
tained in the future, or the extent to which 
market promotion programs could increase 
them. Nevertheless, these commodities de- 
serve careful examination. For example, pro- 
cessed poultry exports grew at an average an- 
nual rate of over 22% between 1973 and 
1980. Furthermore, the export of feed em- 
bodied in poultry rather than in its raw form 
generates the highest net employment effect 
per million dollars of processed exports of all 
the commodities considered. Efforts to sustain 
or expand overseas markets for processed 
poultry would clearly merit close considera- 
tion. On the other hand, processed tobacco, 
whose exports grew at an annual rate of over 
11% between 1973 and 1980, has the lowest 
net employment impact by far of all the com- 
modities examined. It is less than one-fourth 
of that for poultry. From a national employ- 
ment perspective, efforts to expand processed 
tobacco exports seem to be of lower priority 
than other commodities where the net em- 
ployment effects are higher. 

In evaluating the relative merits of export 
expansion for processed: products, the dis- 
tribution of the net change in employment may 
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be an important consideration. The distribu- 
tion among the agricultural processing sector, 
primary agriculture, and other sectors of the 
economy differs considerably across commod- 
ities. For example, if one were particularly 
concerned with job creation in primary ag- 
riculture, the expansion of livestock exports 
would rank high in that an estimated 51% of 
the net increase in employment accrues to 
primary agriculture (table 4). On the other 
hand, only 8% of the net increase in jobs for 
fruits and vegetables is generated in primary 
agriculture. Yet, in terms of their net impact 
on national employment, the two commodity 
groups are virtually identical. This comparison 
suggests that the promotion of processed ag- 
ricultural exports based solely on their con-` 
tribution to employment in production agricul- 
ture may not be the best strategy for maximiz- 
ing the net increase in employment nationally. 
In conclusion, the analysis in this paper has 
been designed to provide information useful in 
evaluating the desirability of promoting ex- 
ports of broad categories of processed agricul- 
tural commodities. Its focus is on how to 
utilize net employment information in evaluat- 
ing export expansion, recognizing that there 
are numerous other considerations involved in 
formulating policy. The interindustry method- 
ology used in the paper does not incorporate 
resource constraints on production for export. 
Historical growth rates are only partial in- 
dicators of future market potential. A more 
complete evaluation of export promotion 
strategy would have to include an in-depth 
assessment of the numerous economic and 
institutional factors which affect the prospects 
for growth in overseas markets for processed 
agricultural products. It is particularly impor- 
tant to identify the effectiveness of promo- 
tional expenditures in expanding the demand 
for both primary and processed products. 
With this information, it would be possible to 
determine the extent to which the net em- 
ployment contribution of processed export 
expansion could be increased through the al- 
location of promotional expenditures. 
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International Trade and Agricultural 
Labor Markets: Farm Policy as 
Quasi-Adjustment Policy 


D. Gale Johnson 


I start from the assumption that an important 
objective of agricultural policy, including 
international trade policy for agricultural 
products, is to increase the incomes of the 
farm population. In particular, I assume that 
the most important component of income in 
evaluating whether agricultural policy meets 
this objective is the labor incomes of the farm 
population. Obviously real-world agricultural 
policies have additional objectives, such as 
food self-sufficiency, stability of food supplies 
and prices, and retaining a larger rural and 
agricultural economy than would obtain if 
market forces were permitted to determine 
product prices. The objective of a larger farm 
economy may be viewed in terms of the paths 
over time of farm employment. Presumably if 
this objective is achieved, the decline in the 
farm labor force and population would be 
slowed down and, at a given time, both would 
be significantly larger than if there had been no 
Significant intervention in farm product mar- 
kets. 

The major industrial countries have fol- 
lowed quite different agricultural price, in- 
come, and trade policies in the post-World 
War II period. The differences in the policies 
provide us with an opportunity to determine, 
at least approximately, what differential ef- 
fects there have been on the welfare of those 
people who have maintained some attachment 
to agriculture. These policies have resulted in 
strikingly different prices received by produc- 
ers, especially in the period since 1960. 

Admittedly, the objective of keeping em- 
ployment in agriculture at a higher level than 
would otherwise be the case is seldom stated 
explicitly. This objective is often stated in 
other terms, such as maintaining the farm way 
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of life or of keeping viable rural communities. 
The method or technique that is used to influ- 
ence positively the number of persons making 
their livelihood from farming is through in- 
creasing the demand for resources that are 
used in agriculture. 

The increase in the demand for resources is 
generated by increasing product demand. 
Product demand can be increased for a given 
geographic area by limiting imports through 
tariffs, import quotas, or variable levies, by 
expanding exports through payment of export 
subsidies, or by making direct payments that 
are output-related and supplement product 
prices. The increase in resource demand can 
be reflected in higher resource prices and/or 
increased employment of resources. As is well 
known, a given increase in product demand 
will have the greatest effect on resource prices 
for those resources that have the lowest price 
elasticities of supply and the greatest effect on 
employment for those resources with the 
largest price elasticities of supply. These are 
very simple propositions, but they appear to 
be generally ignored in the promulgation and 
analysis of agricultural policies. 

The substantial differences in the product 
prices, and thus the product demands, among 
the major industrial countries provide us with 
an opportunity to understand how resource 
prices and employment have been affected. I 
shall compare and contrast the effects upon 
the return to farm resources and farm families 
of the agricultural and trade policies of the 
European Community (EC), Japan, Canada, 
and the United States. 

This paper is based upon a particular analyt- 
ical framework. The framework starts from 
the theoretical and empirically supported 
conclusion that economic growth, as mea- 
sured by growth of per capita incomes, results 
in a decline in the relative importance of ag- 
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riculture in the economy of a geographic area 
and, eventually, in an absolute decline in the 
employment of labor in agriculture. The theo- 
retical underpinnings for this conclusion are 
obvious and well known. They derive from the 
empirical facts that the income elasticities of 
demand for farm products are less than unity 
and thus less than the average for the rest of 
the economy, and that these income elas- 
ticities decline over time relative to those in 
the rest of the economy. The second important 
relationship is that productivity change in ag- 
riculture since World War II has been, for the 
industrial economies, at least as rapid as in the 
nonfarm sector of the economy. Thus slower 
productivity growth has not served to offset 
the slower growth of demand for farm prod- 
ucts. 

Under conditions of economic growth, if 
farm people are to share in the benefits of 
economic growth, real agricultural wages must 
increase over time at the same rate as nonag- 
ricultural wages (Johnson 1973b). And if there 
are few barriers to labor mobility, farm labor 
earnings will increase at approximately the 
same rate as nonfarm labor earnings. In fact, it 
appears that during the past three decades the 
barriers to mobility or, more specifically, the 
costs of mobility have declined in the high 
income countries. This has been due to the 
reduction in the costs of transportation and of 
acquiring information. The general availability 
of the automobile or bus plus the improvement 
and extension of roads has sharply cut the 
costs of both moving and commuting. Further, 
the costs of information have been sharply 
reduced through the nearly universal availabil- 
ity of radio and television and the telephone, 
as well as the printed media. Thus over the 
past three decades it is probable that in the 
industrial countries farm labor earnings have 
increased relative to nonfarm labor earnings 
simply because the equilibrating costs have 
fallen over time. The equilibration has been an 
added element in reducing farm employment. 

There are a number of implications that flow 


from this analytical framework. One is that if 


agriculture is organized primarily on the basis 
of family farms, the average size of farm as 
measured by area will increase over time. This 
conclusion assumes that farm size is permitted 
to adjust with few or no extra-market re- 
straint. In one of our countries, namely Japan, 
growth in farm size has been limited by legal 
interventions. The Land Reform Law made 
land renting very difficult, and the sale of farm 
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land to other farmers was severely restricted. 
Farm size as measured by land area changed 
rather little for more than three decades; under 
some circumstances this might well have con- 
stituted a barrier to the improvement of farm 
labor returns. However, as we shall see later, 
the labor adjustment in Japan took a particular 
form and, while this adjustment did not result 
in efficient or low cost agricultural production, 
it did result in rough equality between the 
returns to farm and nonfarm labor of compa- 
rable quality. 

In World Agriculture in Disarray, 1 ad- 
vanced two propositions concerning the inter- 
relations between the level of farm prices and 
farm employment and farm labor income (pp. 
198—203). One of the propositions was that a 
constant degree of protection was not enough 
to have a significant effect upon the return to 
farm labor. In other words, high output prices 
can have only a temporary effect in increasing 
the return to labor. The second proposition 
was that in the long run, by which I meant 
something like five years, the level of product 
prices would have some effect upon farm em- 
ployment but not upon the return to farm 
labor. By the end of five years the once-and- 
for-all effect of the higher output price on the 
return to farm labor would be eroded by a 
short-run reduction in the rate of outmigration 
from agriculture and the continuing growth in 
the real return to nonfarm labor. Thus, in 
order to maintain the labor earnings differen- 
tial prevailing before the output price increase, 
it soon becomes necessary to return to the 
same rate of reduction of the farm labor force 
that prevailed prior to the output price in- 
crease. 

The adjustments and changes in agriculture 
in the industrial countries during the past quar- 
ter century can only be described as remark- 
able and unprecedented. Labor productivity in 
agriculture grew at rates substantially greater 
than in the rest of the economies; labor forces 
engaged in agriculture declined at rates that 
would have been difficult to imagine before 
World War II. In all of our dozen countries, 
except Japan and Ireland, the number of farms 
declined markedly. Another common aspect 
of the adjustment, as will soon be clear, has 
been the sharp increase in the integration be- 
tween the farm and nonfarm labor markets. 
Due to this degree of integration, nonfarm or 
off-farm income of farm operator families ex- 
ceeds the income from agriculture in the ma- 
jority of the countries. 


Johnson 


Three Decades of Agricultural Adjustment— 
The United States 


At the end of World War II there was quite 
general agreement among economists that ag- 
ricultural adjustment and the incomes of farm 
families would be best served by setting price 
supports at relatively low levels. By relatively 
low levels were meant price supports that 
would be effective only a minority of the time. 
In fact, the phrase ''stop loss levels” was used 
at the time, meaning that the price supports 
were to be effective only when market prices 
fell to low levels. The general agreement on 
the merits of giving significant freedom to the 
market to function found expression in the 
Agricultural Act of 1948. Unfortunately, this 
act never was permitted to go into effect. Pres- 
ident Truman's surprise victory in the 1948 
election was due, to some degree, to his be- 
lated rejection of the 1948 act which he had 
signed into law. What amounted to new legis- 
lation was passed in 1949, and price supports 
were set at what turned out to be high levels. I 
use the term high levels to mean price sup- 
ports at above the level at which supply and 
demand would be equated (Cochrane and 
Ryan). 

The results were the accumulation of large 
stocks and the discouragement of exports. 
When exports declined, the first policy reac- 
tion was the expansion of food aid and the 
payment of export subsidies on commercial 
sales. These were not enough to generate the 
required markets. Starting in the late 1950s 
price support levels were lowered, and by 
1966 price supports for most commodities 
were at or below international prices. The 
market proved far superior to the government 
in finding new and profitable commercial mar- 
kets for our farm products. 

The competitive pricing of major farm prod- 
ucts was associated with the significant growth 
in our agricultural exports during the latter 
part of the 1960s and the early 1970s. By the 
beginning of the 1970s it was apparent that 
U.S. agriculture had regained the comparative 
advantage it had lost for most of the period 
since the early 1920s. The export growth was 
due to a number of factors—the devaluation of 
the dollar, expansion of grain imports by the 
centrally planned economies and increased 
food import demands by the rapidly growing 
middle-income developing countries. 

The competitive pricing of the farm crops 
was accompanied by direct payments to farm- 
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ers. In the late 1960s and early 1970s the direct 
payments were often a large fraction of the 
market price; in the case of wheat there were 
several years when such payments were equal 
to half or more of the farm price (Johnson, 
1973b). But after 1973 payments were reduced 
substantially and only occasionally rep- 
resented a significant source of income. This 
was true even though the real levels of price 
supports for wheat, cotton, and corn in the 
late 1970s and the early 1980s were half or less 
of the levels a quarter century earlier. 

There can be no question that during the 
1950s and 1960s U.S. agriculture was bur- 
dened with excess resources. There were 
more resources engaged in agriculture than 
could earn a return equivalent to that earned 
by comparable resources in the rest of the 
economy. The excess resources consisted 
very largely of labor, though there was sig- 
nificant abandonment of farmland between 
1950 and 1970 (USDA ESCS). In a monograph 
written in late 1972 I argued that most of the 
excess resources in agriculture had by that 
time been withdrawn from agriculture (1973a, 
pp. 36-49). This had been accomplished 
through adjustments in the labor market and 
by the abandonment of farmland in certain 
regions. 

Prior to 1950 labor market adjustment in 
agriculture had occurred primarily through 
migration from farms, but starting in the 1950s 
part-time nonfarm employment played an in- 
creasingly important role in labor adjustment. 
In 1950 the farm population (farm operators 
plus farm workers who reside on farms) 
received 3196 of their total family incomes 
from nonfarm sources. The importance of 
nonfarm income in total income increased to 
39965/by 1960, to 53% by 1970 and to 63% by 
1980 (USDA ERS, p. 112). 

With the growing importance of nonfarm 
incomes for the farm population, the per 
capita disposable income of the farm popula- 
tion as a percentage of the same measure for 
the nonfarm population increased from less 
than 40% in 1940 to about 75% at the beginning 
of the 1970s and to an average of 9196 for 
1975-79. 

The growing importance of nonfarm income 
to farm operator families is indicated by the 
approximate percentage of such families that 
receive more than half of their income from 
the farm they operated. In 1960 there were 2.1 
million farm operators or 53% of the total 
receiving half their income from their own 
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farm. By 1970 the number had dropped to 951 
thousand, or 3296 of the total number of farms, 
and a decade later there were 665 thousand 
farms (2796 of total farms) with half or more of 
their income from farm sources (USDA ERS, 
p. 106). 

From 1950 to 1976 the number of farms de- 
clined by 5226; farm employment declined by 
almost the same percentage. As noted in my 
introduction, in an agriculture organized 
primarily as family farms and where there are 
no legal restrictions as in Japan, the decline in 
farm employment may be approximately 
matched by the decline in the number of 
farms. An increase in farm size is an effective 
way to achieve the decline in the ratio of labor 
to all other inputs that makes it possible for the 
value of the marginal product of those work- 
ers who remain in agriculture to increase at a 
rate approximately the same as the increase in 
real wages in the rest of the economy. In the 
United States agricultural adjustment has oc- 
curred while the real price of farm products 
has been declining at approximately 1% annu- 
ally (USDA 1977, 1980). 

What role has the rapid growth in agricul- 
tural exports had in the adjustment process in 
the United States? This is the question to 
which I shall now turn. 


Growth of Agricultural Exports 
and Adjustment 


During the 1960s the volume of agricultural 
exports increased by barely a fifth, while farm 
production increased by only a tenth (USDA 
1977, pp. 571, 576). During the 1970s agricul- 
tural export volume nearly doubled, while 
farm production increased by a quarter. Dur- 
ing the 1960s farm employment declined by 
about 35%; during the 1970s the reduction was 
only 5%. 

It was during the 1960s, when exports in- 
creased rather slowly, that farm employment 
declined most. But it was also during the 1960s 
when there was very substantial progress 
made in reducing the differential between the 
per capita disposable income of the farm and 
nonfarm populations. At the beginning of the 
decade the farm income was 53% of the non- 
farm; at the end of the decade the percentage 
was 73. Further substantial progress was made 
during the 1970s in narrowing the income 
gap—a three-year average centered on 1979 
indicates that farm income was 93% of non- 
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farm income (USDA ERS, p. 114). Thus, in 
terms of the absolute percent increases, the 
relative farm income adjustments during the 
two decades were quite comparable. The dif- 
ferences in export growth were very different, 
however, as has been noted above. 

These simple comparisons of changes in the 
United States during two decades raises a 
question concerning the relative importance of 
changes in product demand (and product 
prices) and of the labor market in influencing 
the incomes of farm people. The remainder of 
this paper is devoted to a not very sophisti- 
cated comparative study of changes in relative 
incomes of farm and nonfarm individuals in 
the European Community (EC), Japan, and 
Canada. The first two have followed signifi- 
cantly different price policies, and thus have 
had very different product demand shifts, than 
the United States. Canada has followed poli- 
cies very similar to ours; I have included it 
because of the presumption that the rather low 
density of population in a major agricultural 
region—the Prairie Provinces—might have 
limited the effectiveness of the labor market in 
equalizing farm and nonfarm incomes. 


Price Policies 


In a relatively brief paper it is impossible to 
provide a detailed comparison of the price and 
income policies of the major industrial coun- 
tries (USDA FAS). But for present purposes 
such detailed comparisons do not seem neces- 
sary. The differences in price levels for major 
agricultural products are so striking that the 
other differences in price and income policies 
pale into insignificance. Table 1 summarizes 
some information on recent price differences 
for major agricultural products. For grains and 
livestock, other than dairy products, prices 
received by farmers in Canada and the United 
States have been significantly lower than in 
the EC and in Japan. While the data given are 
for the late 1970s, the differentials indicated 
have prevailed throughout the 1960s and 1970s 
except that the differentials increased signifi- 
cantly after 1970 for Japan. 

The price differences are large enough to 
have been reflected in an increase in the de- 
mand for farm inputs—land, labor, and pur- 
chased inputs. I do not address the changes in 
demands for the inputs directly and, in fact, 
emphasize the changes in labor employment in 
agriculture and the growth of off-farm incomes 
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Table 1. Prices Received by Farmers in Major Table 2. Annual Rates of Decline in Farm 
Industrial Countries ($ per metric ton) Employment, 1955-79 (percentage per year) 
TT aaa ——— Á—— 
1970 1979 1955-60 1960-70 1970-79 
Coarse Coarse European Community —3.2 —4.6 —3.4 
Wheat Grain Wheat Grain Belgium —3.7 —4.9 —4.6 
Denmark —2.1 -3.1 —2.7 
Belgium 100 86 212 214 France —3.7 —3.7 —4.6 
Denmark 62 224 214 Germany —3.3 —4.6 —4.8 
France 84 75 232 214 Ireland -2.5 —3.0 -3.1 
Germany 99 89 274 247 Italy —3.2 —5.8 -2.2 
Italy 110 93 231 210 Netherlands -2.7 —3.4 -1.8 
Netherlands 102 2128 2028 United Kingdom -2.5 —3.8 —1.0 
United Kingdom 74 68 160 Canada —3.6 -2.7 -0.7 
Treland 76 181 Japan —2.6 —4.0 —4.1 
Canada 61 117 100 United States -3.3 ~4.5 . -0.5 
Japan 162 131 770 582 — 
United States 48 52 118 95 Source: OECD publications. 
* 1978. l 


as an indicator of the differential impacts, if 
any, of the disparate price policies. The results 
that I present are, admittedly, impressionistic. 


Changes in Farm Employment 


Table 2 presents data on the annual rates of 
decline in farm employment from 1955 to date. 
Annual percentage declines in employment in 
agriculture, forestry, and fisheries are given 
for three periods—1955—60, 1960 to 1970, and 
1970 to 1979 or 1980. The 1960s saw the crea- 
tion of the Common Agricultural Policy, the 
significant shift in Japanese price policy, and 
the shift in the United States to the setting of 
price supports at levels below anticipated 
market prices. l 

For the late 1950s and the 1960s the United 
States, Canada, Japan, and the EC give no 
indication that the level of farm prices has a 
significant effect upon the rates decline in farm 
employment. For the 1960s Canada has the 
lowest rate of decline and the EC the highest 
with the United States and Japan in an inter- 
mediate position. For 1970—79 the smallest 
declines in employment occurred in the 
United States and Canada; Japan and the EC 
have significantly larger declines. The lowest 
rates of decline occurred where the absolute 
price levels were the lowest. 


Table 3 is designed to indicate the relation- 
ships between the decline in the number of 
farms, the increase in average size and the 
change in farm employment. The data are for 
1960—75; 1975 is the latest date for which there 
are data on number and size of farms. Except 
for Ireland, Japan had the smallest decline in 


the number of farms. The large rate of decline 
in farm employment in Japan was made possi- 
ble by the facts that in 1960 there were 2.2 
workers per farm and the decline in the num- 
ber of farms that were full-time. In 1960 there 
were 2,078,000 full-time farms (34.3%); in 
1975 there were but 616,000 full-time farms 
(12.4%). The annual rate of decline in full-time 
farms was 7.8% (Ministry of Agriculture, Ja- 
pan). 


Labor Adjustment 


The declines in farm employment occurred 
primarily through two processes—migration 
from farms to nonfarm areas or transferring 
primary employment from agriculture to 
nonagricultural activities while continuing to 
reside on farms. The role of part-time farming 
in supplementing income from agriculture was 
noted above in my description of adjustment 
in the United States. 

As noted in table 3, Japan had a relatively 
small rate of decline in the number of farms; 
only Ireland had a lower rate. The small rate of 
decline was due, in part, to the intervention in 
the land market by the conditions of the land 
reform law. The labor market adjustment, 
however, was quite remarkable through 
reduction in the number of workers per farm. 
During the first half of the 1950s Japanese farm 
families obtained about 30% of their net in- 
comes from nonagricultural sources. In 1960— 
61 almost exactly half of the net income came 
from nonfarm sources, and by 1971 two-thirds 
of the net income was from nonagricultural 
sources (Ministry of Agriculture, Japan). 

While I am a great believer in what can be 
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Table 3. Annual Change in Number and aie of Farms and Agricultural oe 1960-75 


and Number of Workers per Farm 1960 . 








Change in Change in Change in 
Number of Average Number of Agricultural 
Farms > Size of: Workers Employment, 
1960-75 Farms Per Farm, 1960-75 
(96/year) (96/year) 1960 (96/year) 
Belgium —4.1 *3.5 1.5 -5.1 
Denmark —2.6 +2.3 1.9 -3.1 
France —2.4 42.4 2.4 -4.5. 
Germany —2.8 +2.7 2.6 ~4,5 
Ireland —0.5 41.7 1.4 -2.9 
Italy —1.9 11.0 2.4 —4.5 
Netherlands -3.1 +2.5 2.0 —2.9 
United Kingdom —3.2 +3.4 2.3 -2.7 
Canada —-3.1 +2.9 1.65 -2.2 
Japan -1.3 +1.7 2.20 —3.0 
United States -2.2 +2.2 1.47 ~4,6 





accomplished in a well-functioning market, I 
must admit surprise at the growth of impor- 
tance of nonagricultural income to Canadian 
farmers, especially in the Prairie Provinces. In 
1940 for all of Canadian farm families off-farm 
wages and salaries equaled 12% of total family 
net income from farming; by 1970 such off- 
farm sources of income accounted for 57%. of 
total net farm family income. The ratio of the 
income of farm to nonfarm families increased 
from 57% in 1940 to 76% in 1970 (Shaw). The 
change in the relative income position of farm 
families in Canada closely paralleled what oc- 
curred in the United States. 

In 1978 it is estimated that off-farm sources 
of income were 2.9 times as large as the farm 
income of farm -families in Canada. In 
Manitoba off-farn income averaged twice 
farm income; in Saskatchewan off-farm in- 
come exceeded farm income; in Alberta off- 
farm income was: four times farm income. 
These three provinces, of course, are the 
Prairie Provinces: Approximately half of the 
farm families in Canada are considered to have 
primary dependence upon agriculture. Even 
among these farms, in 1978, 88% had off-farm 
income, and for all families with primary 
dependence on agriculture off-farm income 
accounted for a third of total family incomes 
(Agriculture Canada, pp. 54, 46). 

While off-farm incomes and employment 
are becoming of increasing importance to farm 
families. in the European Community, farm 
families have less reliance on off-farm income 
sources than is true. in Canada and the United 
States and, obviously, Japan. Given the higher 
density of population in the EC than in Canada 
or the United States. and the much smaller 
farm sizes, it would seem reasonable that off- 


farm income would be more important in the 
EC than in Canada or the United States. But. 
such is not the case. 

According to the Commission of the Bure: 
pean Communities, ‘‘only 27% of all Commu- 
nity farmers have gainful activity outside their 
own farms, 6% working on other farms and 
21% in other sectors” (p. 22). At another point 
it is stated that ‘‘in the Community as a whole 
some 44% of farmers devote less.than 50% of 
their working time to farming; roughly half of 
these farmers have no gainful activity other 
than farming.” Some 56% of all farmers in the 
EC-9 devote 5096 or more of their time to 
farming. The range is from 41% in Italy to 92% 
in the United Kingdom; in France, Ireland and 
Denmark from 70% to 78% of the farms the 
farmer met the full-time criterion. 

An OECD study of part-time farming in 
Germany indicates that between 1965 and 1975 
the percentage of full-time farms of total farms 
increased slightly—from 4196 to 4596 (p. 27). 
The percentage of all farms for which farm 
income was supplementary in tlie family's in- 
come increased from 33 to 39, while the rela- 
tive importance of part-time farms on which. 
farming was the main source of income de- 
clined from 2596 to 1596 over the decade. The 
data indicate that for all farms in Germany 
off-farm income accounts for just 40% of the 
income of farm families. 


Concluding Comments 


My paper has admittedly been an impres- 
sionistic one. I have not relied upon regres- 
sions or even a particularly sophisticated eco- 
nomic model. And I have probably strayed 
some distance from whatever connection 
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there may be between international trade and 
agricultural labor markets, let alone ''Farm 
Policy as Quasi-Adjustment Policy.” 

But I believe that I have assembled evi- 
dence sufficient to raise questions concerning 
the effectiveness of high product prices in 
either significantly increasing employment in 
agriculture or in improving the relative income 
position of farm families. I have not made 


direct income comparisons, except for brief: 


references to relative incomes of farm and 
nonfarm families in the United States, Canada 
and Japan. But the continued rapid outflow of 
labor from agriculture to the rest of the econ- 
omy indicates very clearly that high product 
prices, by themselves, are not sufficient to 
achieve equality of returns to comparable farm 
and nonfarm resources. And the available data 
fail to indicate that relative high product prices 
have much effect in slowing down the outflow 
of labor from agriculture. I do not say that 
there is no effect; the efficient allocation of 
resources between agriculture and the rest of 
the economy requires that there be some 
modest impact of higher product prices upon 
labor outflow from agriculture. 

My review of the income and price situation 
in the European Community left me with two 
puzzles, which time permits only mentioning. 
The first is that there appears to have been 
little or no success in reducing income dis- 
parities among agricultural regions within the 
EC. Regional income inequalities have been 
reduced in the United States and Canada over 
the past quarter century, primarily through ad- 
justments in the labor markets. 

In its 1980 report the Commission of the 
European Communities concluded (p. 52): 
"During the period from 1964/65 to 1976/77, 
regional disparities in agricultural incomes (as 
measured by the gross value-added per ag- 
ricultural worker) increased in the Commu- 
nity. The ratio between the regions with the 
highest agricultural incomes and those with 
the lowest rose from 5:1 to about 6:1.’’ While 
this statement excludes the effects of off-farm 
income in reducing income disparities, the 
modest importance of such income means that 
regional farm family income differences re- 
main at very high levels. 

The other puzzle is the very large differ- 
ences in the price of farm land within the EC 
and the rather low prices of land in France and 
the United Kingdom. Reported prices of land 
in.France in 1979 were substantially below 
land prices in the American Midwest. English 
land prices were below the prices prevailing in 
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Iowa or Illinois. Prices in Germany, Nether- 
lands, and Belgium in 1979 were at or near 
$8,000 per acre. 

- I mention the puzzle of land prices because I 
had assumed that a major effect of the high 
prices for grains and other crop products in the 
EC would be reflected in high land prices. The 
Northern EC countries fit my expectations but 
France and the United Kingdom do not, and 
Denmark falls somewhere in between. I 
conclude my paper with this puzzle: What 
happens to the income from grain prices that 
are often double the ones that prevail in North 
America? There is no evidence that they are 
reflected in higher returns to labor or in sig- 
nificantly higher farm employment. If the high 
prices are not reflected in higher land prices, 
the high prices must be associated with induc- 
ing high cost of production in terms of the use 
of inputs other than land. 
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International Trade and Agricultural Labor 


Markets: Discussion 


Hans G. Hirsch 


The Emerson paper is a good mix of theory 
and empiricism. In connection with the annual 
certification by the Labor Department of work- 
ers from the British West Indies for harvest- 
ing sugarcane in Florida, Emerson raises the 
question, who would gain or lose from the 
termination of that program? It has long been 
held that the labor to perform the demanding 
and exhausting work of cutting sugarcane on 
muck soil by machete is simply not available 
in the United States. Emerson plays with the 
hypothesis that domestic labor might be found 
at some higher wage rate. Whether such labor 
is simply not available domestically, or 
whether some such domestic labor might be 
available at a higher wage rate—in either case 
the same conclusion follows—domestic pro- 
duction factors would marginally lose by being 
idled or forced into less profitable employ- 
ment, and foreign suppliers would take up the 
slack so created. 

I shall supplement Emerson's paper by 
relating my own experience with the termina- 
tion of the Bracero Program in the mid-sixties. 
For years, we had admitted Mexican seasonal 
agricultural labor in rather large numbers into 
the United States. The statutory authority 
under which this had been done was permitted 
to expire in 1965 and the admission of foreign 
seasonal agricultural labor was greatly cur- 
tailed. 

The most obvious long-term result of this 
policy change was that the labor, which could 
no longer work in the United States, but was 
dammed up in Mexico, exerted powerful 
pressures to produce at home. The availability 
of that labor gave a decisive stimulus to Mexi- 
can applications for agricultural development 
loans to international lending agencies and to 
our own Agency for International Develop- 
ment. These loan projects have increased 
Mexican agricultural production, both for 
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domestic consumption and for export. And the 
exportation of Mexican fruits and vegetables 
to the United States has certainly increased by 
leaps and bounds. We can accept this record 
as proof of the strong postulate originally ad- 
vanced by Mundell and quoted by Emerson, 
"An increase in restrictions to factor move- 
ments stimulates trade." Nevertheless, it is 
entirely conceivable that a government may 
restrict the entry of labor as well as commod- 
ities. 

In most years, well over half of the cash 
receipts of American farmers comes from the 
sale of livestock and livestock products and 
less than one-half from the sale of crops. By 
contrast, about 9076 of our agricultural exports 
are crops and crop products and only about . 
10% are livestock and livestock products. As 
Blandford and Boisvert argue, crop products, 
as distinguished from crops, are processed and 
raise the share of processed products to 28% 
of total agricultural exports. However, given - 
the different composition of total U.S. farm 
production, it is not surprising that efforts are 
made to increase the processed component 
among American agricultural exports. More- 
over, our nonagricultural exports are mostly 
made up of processed products and, finally, 
our mercantilist orientation as well as our 
negative trade balance lead us all in the same 
direction. 

According to the authors, in each of the 
years 1973-78, 72% of the total value of ag- 
ricultural exports was made up of primary 
products and 2876 by processed products. I 
cannot replicate this finding. They worked 
with export values which they had deflated by 
the U.S. wholesale price index to 1972 
constant dollars. Their deflation should not 
have affected the relationship of processed 
products to primary products, unless they 
applied different deflators to different prod- 
ucts. Áccording to the actual, undeflated ex- 
port values, only 2426 of total agricultural ex- 
ports were processed in 1973. That percentage 
dropped further to 2296 in 1975 but recovered 
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to 28% or 29% in each of the four years, 
1977-80. I purposely say, "recovered," 
because prior to 1973 that percentage was still 
higher, ranging from 30% to 34% during the 
period 1968-72. 

The authors argue that the share of Foreign 
Agricultural Service expenditures on market 
development programs devoted to processed 
commodities has declined in recent years. 
Their case is not convincingly presented, the 
less so since they also observe that the share 
of expenditures in developing countries has 
greatly increased—from 18% to 25%—and 
these are the markets where processed prod- 
ucts are more important than in developed 
countries. 

The authors drew their conclusion from ex- 
penditures for the Co-operator Program. They 
had no breakdown between expenditures for 
primary and processed products for other pro- 
grams. Among these is the Export Incentive 
Program, which is entirely devoted to pro- 
cessed products. With these other programs 
included in the breakdown, one-third, or 3396, 
of Foreign Agricultural Service expenditures 
on market development programs were de- 
voted to processed products in 1974 and again 
in 1979 and 1980. During the intervening 
years, that percentage fluctuated insignifi- 
cantly between 31 and 34. In earlier years, 
however—during 1968—73—the percentage 
was indeed somewhat higher, ranging from 35 
to 42. In all the years since 1968, expenditures 
for processed products exceeded their share of 
total agricultural exports. 

The authors observe—as one would ex- 
pect—that ‘‘the export of feed embodied in 
poultry rather than in its raw form generates 
the highest net employment effect per million. 
dollars of processed exports of all the com- 
modities considered." And they conclude: 
'*Efforts to sustain or expand overseas mar- 
kets for processed poultry would clearly merit 
close consideration." This is a supply- 
oriented conclusion. No thought has been 
given to the fact that technology, know-how, 
and managerial skill for feeding and processing 
poultry is transferable and can be acquired by 
importing and consuming countries. Thus the 
demand for American labor and management 
in the field of poultry production—and in other 
fields of agricultural processing—may be tran- 
sitional and ephemeral. Indeed, the desire of 
importing countries to substitute their own 
domestic labor for the imported labor that is 
imbedded in the goods imported and their abil- 
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ity to compete in this respect must not be 
disregarded. 

Recent experience suggests still another les- 
son. In developing and maintaining foreign 
outlets for our agricultural products, it is of 
decisive importance to supply what the market 
demands. If an importing country has oil- 
milling capacity and is organized to process 
oilseeds into meal and oil, an inflexible policy 
to export these processed products instead of 
the desired unprocessed oilseeds may result in 
the loss of that market if there is any competi- 
tion among suppliers at all. 

The authors did mention demand at the very 
end of their paper, but this consideration is 
given too little weight. I am making this obser- 
vation remembering an experience I had at a 
seminar in a German university. My audience 
told me they were not particularly impressed 
by any need of American agriculture to ex- 
pand its exports. What mattered for them was 
their need for an economic, efficient, and reli- 
able supply of feeds and oilseeds. 

Johnson's paper has as a topic the combina- 
tion of production factors. This idea of com- 
bining production factors runs through his 
paper like a red thread. Unfortunately, he 
abandoned this combinational, synthetic ap- 
proach when he dealt with the role of govern- 
ment. He observed: ''Starting in the late 1950s 
price support levels were lowered, and by 
1966 price supports for most commodities 
were at or below international prices. The 
market proved far superior to the government 
in finding new and profitable commercial mar- 
kets for our farm products.” 

I must ask: By whom were price support 
levels lowered? Was it Adam Smith's ‘‘Invisi- 
ble Hand” that did it, or was it the legislative 
branch of our government? The antithesis and 
dichotomy between ''the market" and ''the 
government" which Johnson has introduced 
into his analysis is particularly disturbing at a 
tine when clamorous, demagogic voices 
denounce the government and seek to delude 
their audiences by implying that the role of 
government can be dispensed with in eco- 
nomic affairs. 

Would it not be more fitting to discuss the 
respective roles of "the market” and of ‘‘the 
government” as complementary and to point 
out how we, as a political society, became 
more and more aware of international inter- 
dependence and learned how to adapt many of 
our agricultural commodity programs to world 
market realities? 


International Trade and Agricultural Labor 


Markets: Discussion 
Colin A. Carter 


If there is any one central theme in these three 
papers, I believe it is one of the optimality of 
free, unrestricted trade in agricultural prod- 
ucts and the importance of the export promo- 
tion of these products. It is interesting that I 
have been asked to discuss these papers since 
] am one of the coauthors of a recently pub- 
lished book on grain cartels, in which we take 
the view opposite to the central theme of the 
desirability of free trade (Schmitz et al.). We 
argue that restricted trade in certain agricul- 
tural products will increase the economic wel- 
fare of the United States and Canada. 

Given the time constraint facing me, most of 
my discussion will focus on what I perceive as 
weaknesses in each of the papers rather than 
commenting on the strengths and contribu- 
tions of each. I will discuss each paper in the 
order it was presented. 


Trade in Products and International 
Migration in Seasonal Labor Markets 


This paper by Emerson provides a framework 
for the discussion of the characteristics of ag- 
ricultural labor markets for seasonal products. 
The premise of the paper is that alien farm 
Workers are viewed by the United States as a 
problem, and the paper draws on basic trade 
theory to hypothesize that free trade in fresh 
fruits and vegetables could reduce the incen- 
tives for aliens migrating to the United States 
for harvest during the winter season. 

The paper is organized into three major sec- 
tions. A theory of agricultural labor markets is 
presented in the first section. The second pre- 
sents a host of neoclassical trade theorems 
under a world of certainty, and the third hy- 
pothesizes how the theory of trade might be 
applied to the current migration of farm labor 
into the United States. 

I find the model of the labor market (shown 
in Emerson's fig. 1) does not explicitly include 
Colin A. Carter is an assistant professor in the Department of 
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the seasonality of supply and demand, and it 
does not incorporate the links between surplus 
and deficit labor regions. For these links to be 
in place, the demand for harvest labor (D,) 
and the supply schedule for local harvest labor 
(S,) in panel b of his figure 1 should be related 
to the supply and demand schedules in panel 
a. Seasonal incentives for labor migration are 
not explained by this model, even though the 
author indicates they are. The demand and 
supply curves would not only shift with the 
seasons, but the slopes would also change 
from season to season. The model, as 
presented, should also explicitly explain the 
differences in the equilibrium wages in the 
full-time and seasonal markets. 

The third part of the paper puts forth two 
interesting hypotheses. These are, namely, 
that (a) free trade in fresh fruits and vegeta- 
bles should lead to less labor migration to the 
United States during the winter, and (b) free 
trade could lead to increased labor migration 
to the United States during the summer. It 
would have been interesting had the author 
tested these hypotheses. 

If Emerson had pursued these points, we 
would have learned more of the (a) current 
trade impediments in fresh fruits and vegeta- 
bles, (b) the ‘‘dumping’’ lawsuit brought 
against Mexican producers by Florida produc- 
ers in 1980, and (c) the question of the avail- 
ability of adequate land and water in Mexico. 

To conclude, I.feel the author could 
strengthen this paper significantly by elaborat- 
ing his model of the seasonality of the. farm 
labor market and by pursuing an empirical in- 
vestigation of the interesting testable hypothe- 
ses appearing in the paper. 


Employment Implications of Exporting 
Processed U.S. Agricultural Products 

I cannot disagree with Blanford and Boisvert 
when they state that too much interest in the 


recent growth of agricultural exports has fo- 
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cused on the enhanced balance of payments 
and farm incomes and has neglected more 
general equilibrium effects on the U.S. econ- 
omy. However, I do not believe that the 
authors have adequately addressed the 
broader questions we are interested in. 

The paper begins by presenting a good his- 
torical analysis of primary versus processed 
agricultural exports. It then proceeds to dis- 
cuss the nature and allocation of the U.S. ex- 
penditure on foreign market development, and 
it estimates the employment contribution of 
major categories of processed exports. 

A major drawback of the empirical analysis 
is the small country assumption for the United 
States. With an expansion of U.S. exports, 
Blandford and Boisvert compute the marginal 
impact on domestic employment without ac- 
counting for the offsetting effect an increase in 
exports would have on the price of the product 
and competing products. 

When the demand side of the international 
market is included, the scenario presented by 
the authors changes, and an argument can be 
made for the United States to restrict agricul- 
tural trade vis-à-vis the free trade situation, in 
order to maximize welfare. 

Blandford and Boisvert should recognize 
the trade policies of the importing nations. 
Most of the major importers restrict trade in 
some of the products we are talking of, and it 


can be demonstrated that because of their. 


dominant market position they are not only 
earning economic rents (Carter and Schmitz) 
but also may be the major beneficiaries of the 
production and export promotion subsidies in 
the United States (Sampson and Snape). 

In conclusion, there are many important 
forces. that are likely to reduce the positive 
employment effect of increased exports esti- 
mated by Blandford and Boisvert. 


International Trade and Agricultural 
Labor Markets: Farm Policy as 
Quasi-Adjustment Policy 


The paper by Gale Johnson is an interesting 
analysis of differences in product prices in 
major industrial countries and consequent im- 
pacts on resource prices and employment. He 
compares and contrasts the effects of the ag- 
ricultural and trade policies of the European 
Community, Japan, Canada, and the United 
States and finds that in the United States ag- 
ricultural resource adjustment has occurred 
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even though the real price of farm products 
has been declining at approximately 1% annu- 
ally. The growth of agricultural exports in the 
1970s was not found to have influenced the 
adjustment process significantly. 

Within the countries analyzed, the author 
assumes the most important objective of ag- 
ricultural policy is to increase the incomes of 
the farm population. Nowhere in the paper 
does he make direct farm income compari- 
sons, however. Instead, various proxy vari- 
ables are used for income which are imperfect 
substitutes. The author investigates changes in 
farm employment and changes in the number 
of farms but does not compare farm returns in 
the European Community, Japan, Canada, 
and the United States. This omission weakens 
the informal testing of the propositions 
presented in the paper. 

With the aid of the data in his tables 1-3, the 
author argues that the high product prices in 
the European Community and Japan do not 
significantly slow down the outflow of labor 
from agriculture. However, he does find off- 
farm employment is not as important to Euro- 
pean farmers as it is in North America. To me 
this is not so surprising; and it indicates a 
slower migration from agriculture in Europe, 
as the author himself states that off-farm em- 
ployment is one form of migration. 

The author concludes there is no evidence 
of higher product prices in the European 
Community and Japan being reflected in 
higher returns to labor. Based on the analysis 
he presents, I find this conclusion to be too 
strong. The major reasons I question the 
strength of these conclusions are: (a) he is 
comparing relative changes in farm sizes 
instead of absolute changes; (b) no data on 
farm incomes are presented; and (c) there is 
some evidence of fewer farmers in Europe 
seeking off-farm employment. 

I would like to conclude my comments on 
this paper with yet an additional puzzle. If the 
returns to labor from farming in the European 
Community are no higher than in North Amer- 
ica, then why does a North American farmer 
have to farm at least ten times as much land as 
the European and therefore work harder in 
order to earn a comparable income? 
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A decision problem exists when the possible 
consequences of a decision are important and 
the best choice is not obvious (Anderson, Dil- 
lon, Hardaker). Moreover, when the conse- 
quences of each choice are described in prob- 
abilistic terms, the decision problem is said to 
exist under uncertainty. The expected utility 
hypothesis (EUH) characterizes the following 
solution for an uncertain decision problem: (a) 
identify the action choices available—a,,... , 
a, and the possible states of nature 0,,. .., 
Om under which action choice consequences 
may be experienced; (b) assign probability 
weights to the states of nature P(0,), 
P(©,,) consistent with the probability cal- 
culus; (c) identify the consequence of the ith 
action choice under each jth possible state of 
nature (cj) and assign to each a preference 
measure, a utility value U(cjj); (d) calculate 
the expected utility index for each action 
choice; and (e) implement the action choice 
with the highest index. 

If expected utility indices are to correctly 
order action choices for an individual, several 
conditions must be met. First, the axioms un- 
derlying the EUH must be valid. Second, the 
preference measure U(cy) assigned to out- 
comes cy must accurately reflect the prefer- 
ence orderings of the individual. If preferences 
are determined by responses to hypothetical 
questions, the respondent must be motivated 
to reveal his actual preferences in the inter- 
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view. Third, the choice set must be described 
accurately; that is, states of nature and their 
associated probabilities must correspond to 
subjective beliefs held by the decision maker. 
If any of the above conditions are not met, the 
EUH may fail to predict the decision maker's 
preferred action choice. 

This paper will review several studies which 
have applied the EUH to practical decision 
problems. The success of these studies has 
been mixed. In all cases, they have been con- 
ducted as though the EUH were a confirmed 
hypothesis, or that decision makers behave as 
though it were true. It seems appropriate to 
stop and examine whether or not what we 
have assumed to be true can be justified 
legitimately. We propose to review selected 
studies which test the validity of the EUH in 
order to examine if the implicit confidence in 
the EUH is warranted. So it is important we 
begin with a description of what is required for 
a test of a theoretical hypothesis. 


Constructing a Test of the Expected Utility 
Hypothesis 


According to Giere, support for a theoretical 
hypothesis requires an experiment or set of 
observations which involve the hypothesis, 
initial conditions, auxiliary assumptions, and a 
prediction. For the theoretical hypothesis to 
be supported, two conditions must be met: 
(a), or condition one, if the auxiliary assump- 
tions, initial conditions, and hypothesis are 
true, then a correct prediction will probably 
follow; and (b), or condition two, if the 
auxiliary assumptions and initial conditions 
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are true and the hypothesis is not true, then 
the correct prediction will probably not be ob- 
served. 

The word ‘‘probably”’ in the two conditions 
identifies the theoretical hypothesis as prob- 
abilistic rather than deterministic. This implies 
we do not expect perfect prediction, only that 
the evidence does not permit a rejection of the 
model—since truth of the model itself cannot 
be established. 

Condition one requires an experiment in- 
volving the initial conditions, auxiliary as- 
sumptions, and hypothesis, which make a 
prediction. The experiment's prediction is 
then compared with actual outcomes to 
determine if condition one is satisfied. To sat- 
isfy the second condition the experiment's re- 
sult must have a low probability of being 
predicted from an alternative hypothesis. If 
the same prediction results from many alterna- 
tive hypotheses, the second condition would 
not be satisfied and the theoretical hypothesis 
not fully supported. 

Suppose we wish to examine the support for 
the theoretical hypothesis that decision mak- 
ers order action choices according to the ex- 
pected utility hypothesis. The hypothesis in 
such a test is the EUH. The initial conditions 
are the choice set with consequences de- 
scribed in probabilistic terms and the decision 
maker's utility function. The auxiliary as- 
sumptions are (a) that the decision maker's 
utility function and the probability density 
functions describing the consequences of the 
action choices are measured accurately and 
(b) that the axioms underlying the EUH are 
valid. Alternative theoretical hypotheses 
might be that decision makers order cboices 
based on (a) expected profits, (b) safety levels 
of income, (c) lexicographic utility functions, 
or (d) expected losses. Finally, the prediction 
is the action choice selected by maximizing 
expected utility. Condition one requires that 
the prediction matches the decision maker's 
actual choice. Failure to predict the actual 
choice forces a rejection of either the hypothe- 
sis, initial conditions, or auxiliary assump- 
tions. Obtaining the prediction from an alter- 
native model causes the EUH model to fail 
condition two. 


Describing the Choice Sets 
To examine support for the EUH, two choice 


sets are required. One set is used to obtain the 
decision maker's utility function. From the 
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second set, an expected utility-maximizing 
choice is predicted which is compared with the 
decision maker's actual choice. 

At least two approaches can be used to 
construct choice sets. One approach is to de- 
scribe the actual choice set facing an individual. 
This method is referred to as the actual eco- 
nomic behavior approach. For complex choice 
sets, however, the actual economic behavior 
approach is difficult and costly and therefore 
rarely used. As a result, researchers more 
often construct artificial choice sets. This ap- 
proach is referred to as the experimental ap- 
proach.! The experimental approach has been 
criticized because it forces the decision maker 
to respond to hypothetical questions. If the 
decision maker is an expected utility max- 
imizer over all his resources, including his 
time, he may respond to hypothetical ques- 
tions in such a way that minimize his cost 
(time) of participating rather than reflecting 
his preferences for the hypothetical outcomes. 

To overcome this criticism a third approach 
can be used. This approach, also an experi- 
mental one, satisfies the initial conditions by 
artificially constructing a choice set using sig- 
nificant outcomes and is referred to in this: 
paper as.the experimental approach with sig- 
nificant outcomes. The limitation of such an 
approach, of course, is that not all experi- 
ments can afford to reward respondents with 
significant outcomes. The exceptions would 
be in developing countries where significant 
outcomes may be small levels of incomes rela- 
tive to that of the researchers. 


Identifying the Decision Maker's Utility Func- 
tion 


The remaining initial condition to be satisfied 
before proceeding with a test of the EUH is to 
identify the decision maker's utility function. 
Identifying the decision maker's utility func- 
tion, however, requires that he be confronted 
with alternative action choices so that indif- 
ference can be established between alternative 
uncertain action choices or between a sure 
outcome and an uncertain action choice. Ef- 
forts to derive a decision maker's utility func- 
tion have almost always relied on the experi- 
mental approach for defining the choice set, 


! This definition of the experimental approach differs from 
Binswanger's. His definition of the experimental approach is de- 
scribed in this paper as the experimental approach with significant 
outcomes. 
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asking the decision maker to choose between 
hypothetical choices. 

Several studies have assumed that decision 
makers' utility functions belong to a certain 
family of functions, usually ones that are de- 
scribed by a single parameter. Then, defining 
choice sets using either the experimental or 
actual economic behavior approach, use the 
actual choice of the decision maker to solve 
for the parameter which identifies risk prefer- 
ences. Example of such an approach can be 
found in Brink and McCarl, Binswanger, and 
Dillon and Scandizzo, who all used an equilib- 
rium slope on an EV set or an equivalent 
mean-variance trade-off measure; Binswan- 
ger, and Grisley and Kellogg, who used partial 
risk-aversion measures obtained for a specific 
gamble; and Dillon and Scandizzo, who used 
single parameters from an assumed quadratic 
or power utility function. 

While this approach may provide useful in- 
formation about the distribution of risk coeffic- 
ients measured, the reliability of these coeffic- 
ients in predicting expected utility-maximizing 
choices needs to be established. And, until 
there is evidence to support the assumption 
that risk preferences can. be described with 
single parameters, the results of this type of 
study cannot be used to evaluate the support 
for the EUH. 

The difficulty of meeting initial conditions 
aside, there have been satisfactory studies 
made of the EUH. They are organized accord- 
ing to how the choice set was obtained. A 
separate class of studies reviewed examines 
the validity of the axioms from which the 
EUH is deduced. In the first study reviewed, 
the application of Giere's conditions is care- 
fully considered. Of the remaining studies, 
because of space constraints, there is less 
mention made of Giere's two conditions. 


Actual Economic Behavior Tests 


Lin, Dean, and Moore constructed a com- 
prehensive test of the EUH using the actual 
economic behavior approach to evaluate risk 
preferences on large-scale California farms. 
To describe the choices facing decision mak- 
ers, the authors constructed an expected 
value-variance (EV) efficient set for six farm- 
ers in the San Joaquin Valley. Utility functions 
using the experimental approach were ob- 
tained and predictions about farm organiza- 
tions made for each decision maker. The 
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predictions resulted from maximizing ex- 
pected utility for each decision maker over 
their respective choice sets. The test consisted 
of comparing the predictions with observed 
economic behavior. Condition two was 
satisfied by making predictions using expected 
profit and lexicographic models. 

In only three of the six cases did the EUH 
model predict better than a lexicographic 
model or an expected profit-maximizing model. 
In none of the cases did the EUH model 
predict the actual farm plan followed by the 
decision maker. In fact, it would have been 
impossible for the EUH predictions to have 
made correct choices because the actual 
choices were not members of the choice set 
from which the predictions were selected. 
Thus, an important initial condition required 
for the test—correct identification of the 
choice set—was violated. 

The authors then reconstructed the experi- 
ment and modified the initial conditions, re- 
stricting the decision makers' action choices to 
members of the EV set. In this approach, the 
authors adopt the experimental approach to 
define the choice set from which predictions 
are made. In the new test, the predictions 
matched the actual choices for three of the 
decision makers and came closer in the other 
three cases than the predictions from either 
the lexicographie model or the expected profit 
model. These results support the EUH.? 

The Lin, Dean, and Moore study is appeal- 
ing because both conditions one and two were 
used in the test. To meet condition one, an 
experiment produced a test which followed 
from the EUH, initial conditions and auxiliary 
assumptions. Then condition two was exam- 
ined to see if correct predictions could be ob- 
tained from alternative hypotheses. But as an 
application of the actual economic behavior 
approach, it failed to satisfy the auxiliary as- 
sumption that the choice set: was accurately 
described because actual choices were not 
predicted nor included in the choice set. Brink 
and McCarl experienced similar difficulty in 
their attempts to model actual economic 
choices using the equivalent of a mean- 
variance set. This evidence suggests that, ex- 
cept in very simple decision environments, 
constructing a test of the EUH using actual 
economic behavior will be difficult. 


? Even stronger support for the EUH is implied by Lin and 
Chang. They increase the number of correct choices using the 
EUH model by estimating preferences using a more flexible 
econometric model to describe utility functions. 
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A quite different lesson was learned from a 
test of the EUH made by Haneman and 
Farnsworth. They used the EUH model to test 
whether or not the EUH model could explain 
why one group of farmers adopted integrated 
pest management strategies (IPM) while an- 
other group continued with conventional 
(chemical) control programs. Using the ex- 
perimental approach, they derive utility func- 
tions for both groups. They found no signific- 
ant difference in the risk attitudes of the two 
groups; however, they did find significant dif- 
ference in subjective expectations on yields 
and profits between the IPM and chemical 
control groups despite the fact that historically 
there was no significant difference. 

Their study results showed that for thirty- 
five of the forty-four decision makers, either 
expected utility maximization or expected 
profit maximization predicted the pest control 
method actually being followed. And in five of 
the nine cases in which switching control 
strategies was recommended, the subjective 
probability density functions gave unclear 
preference signals. 

While Haneman and Farnsworth produced a 
prediction consistent with the EUH and met 
condition one, their test failed to meet condi- 
tion two because the same prediction was 
made by either the EUH model or the ex- 
pected profit model. This evidence is weak 
support or lack of support for the EUH. 
Haneman and Farnsworth, however, infer 
something else. They infer that ''subjective 
perceptions of outcomes rather than the type 
of choice criteria or the nature of risk prefer- 
ences explain [the prediction] [p. 19]. The 
confirmation of this hypothesis, however, 
requires more testing. 


The Experimental Method Approach 


In contrast to the lack of tests using the ob- 
served economic behavior approach, the EUH 
has been rigorously tested in an experimental 
setting, and the experiments and tests have 
been generally well constructed. A landmark 
in this class of studies was Officer and Halter's 
work with Australian wool producers. In this 
study and similar ones, the focus was on the 
auxiliary hypothesis: can we in fact measure 
accurately a decision maker's utility function? 

The von Neumann-Morgenstern model for 
obtaining utility functions does so by finding a 
decision maker's point of indifference be- 
tween the payoff associated with a gamble and 
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a sure outcome. This method of eliciting pref- 
erences has been criticized (Young et al.) 
because (a) the act of gambling itself may have 
utility or disutility to the decision maker, and 
(b) the decision maker may have preference 
for particular probabilities. Including these 
two hypotheses results in a model somewhat 
different than the EUH model. The EUH 
model proposed that decision makers max- 
imize the expected utility of wealth plus in- 
come. Letting U represent the utility func- 
tion and income plus wealth be w, the EUH 
recommends: 


(1) 


where E stands for the expectations operator 
evaluated over all possible action choices. 
What Officer and Halter suggest is that a bet- 
ter model might be either 


(2) E(U[w, f(w)]) 


(the modified von Neumann-Morgenstern 
model), or 


(3) maximize E(U[w,g.f,(w)]) 


(the Ramsey model), where g represents a 
perceived level of gambling and f(w) repre- 
sents particular probability levels associated 
with each income plus wealth level. Lacking a 
theory that explicitly incorporates g and f(w) 
into the decision model, Officer and Halter 
hold them constant and examine predictions 
from models (1), (2), and (3). The predictions 
from models (2) and (3) are then compared 
with predictions using the model described in 
equation (1). 

To conduct the experiment, the authors 
needed a choice set separate from the one 
used to measure preferences. Like Lin, Dean, 
and Moore they constructed one equal to an 
EV choice set. The members of the choice set 
consisted of alternative fodder reserves, a 
decision problem which was familiar to the 
decision makers. In this they avoided a criti- 
cism of later tests that the choice set was un- 
realistic and therefore not of interest to the 
participants. — — 

Using carefully measured utility functions 
described in equations (1), (2), and (3), predic- 
tions from thirteen possible fodder reserve 
choices were obtained. The first test was to 
compare these predictions with actual choices 
made. And since the choices were restricted to 
the EV set, the conditions for the test were 
met. The second test was to compare predic- 
tions from alternative hypotheses; these were 


maximize E[U(w)], 


maximize 
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that decision makers select action choices on 
the basis of minimum expected cost, model 
(1), model (2), or model (3). The result was 
that the Ramsey model, model (3), gave accu- 
rate prediction 76% of the time and was 
superior to both models (1) and (2). The crite- 
rion of minimizing expected cost gave accu- 
rate predictions only 58% of the time. More- 
over, the authors found that after reconsidera- 
tion and reapplication of models (2) and (3) 
their accuracy improved. But before reconsid- 
eration, expected cost minimization per- 
formed better than model (2), and always bet- 
ter than model (1). 

The evidence supports rejection of the naive 
EUH model. Without attention to decision 
makers' attitudes towards gambling and prob- 
abilities, the model does not predict any better 
than naive competitors like minimum ex- 
pected cost models. 

There is, however, a disturbing feature of 
the Officer and Halter study and later ones 
that use the Ramsey model to predict prefer- 
ences. If utility of wealth is not independent of 
probability measures, then applying the EUH 
would produce unbiased results only if the 
action choices are described by uniform prob- 
ability density functions. Applying the EUH 
over generalized probability density functions 
would affect both the weighting of the utility 
as well as utility. This lack of independence 
between probabilities and income would bias 
the resulting expected utility measures. Not 
withstanding this bias, reasonably accurate 
predictions were obtained, demonstrating that 
as a practical tool the EUH cannot be 
rejected. The Officer and Halter study also 
suggests that the EUH may often fail to pre- 
dict accurately because the auxiliary assump- 
tion of accurate utility measurement was not 
satisfied. 

Still the question remains, can the experi- 
mental approach based on responses to 
hypothetical questions be reliably used to ob- 
tain utility functions or to test the predictive 
ability of the EUH? Binswanger's study pro- 
vided some answers. Before participating in 
gambles with significant outcomes, he found 
that decision makers demonstrated either 
more or less risk aversion than when they 
played an actual game with significant out- 
comes. Once having participated in the gam- 
bling experiment with significant outcomes, 
though, there was no statistically significant 
outcomes. 

This result demonstrates that learning does 
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occur in an experiment with significant out- 
comes. À question which remains is whether 
or not the experience with actual outcomes is 
required for the learning experience. Officer 
and Halter and Webster also observed learn- 
ing without exposing the respondents to actual 
outcomes. Probably the most famous learning 
experiences reported in the literature was by 
Savage, who agreed to alter his action choice 
when confronted with evidence he had vio- 
lated the independence axiom of the EUH. 

At issue still is that after the learning occurs, 
do the learned responses to gambles more 
nearly match actual choices? And is there a 
similar learning curve which alters actual re- 
sponses to economic choices if the choices 
are made repeatedly? More studies like 
Binswanger's are required to answer such 
questions. 

Returning to the number of arguments in a 
utility function question, King and Robison 
assumed that decision makers maximize an 
expected utility model with arguments: in- 
come + wealth, and unknown arguments, 
X,,..., X,, which may or may not be held 
constant. They argued that decision makers: 


(4) maximize E[U(y,X,, . . . , X,)]. 


Arguments X, through X, are not measured. 
The model instead measures 


(5) E[U(y, €)], 


where e is an error term resulting from failure 
to hold constant or measure variables X,,..., 
X,. This approach suggests that decision 
theorists are naive to believe a single valued- 
single argument utility function can capture all 
of the information that is needed to predict 
preferences, or that they can predict a single 
preferred choice from a choice set with perfect 
accuracy while accounting for only one argu- 
ment in the utility function. Using an effi- 
ciency criterion developed by Meyer which is 
consistent with the EUH, King and Robison 
measure an interval around risk preferences, 
where risk preferences are measured accord- 
ing to Pratt-Arrow absolute risk aversion func- 
tion. Recognizing their measurements are only 
accurate in terms of quantifiable probability 
measures, they offer a somewhat unique ap- 
proach toward risk measurement. First they 
identify as a Type I error the rejection of pre- 
ferred choice from a choice set and as a Type 
II error the failure to order pairwise compari- 
sons of action choices. Since the EUH with a 
single valued utility function discriminates on 
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the basis of any absolute difference, it has the 
greatest likelihood of committing a Type I 
error and a small chance of committing a Type 
II error. That is, given any choice set it will 
select only one choice; the probability that this 
may not be the preferred choice is the likeli- 
hood of a Type I error. On the other hand, all 
pairwise choices will be ordered so that the 
probability of a Type II error is nearly zero. 
Efficiency criteria such as first- and second- 
degree stochastic dominance have a lower 
likelihood of producing Type I error but may 
result in large Type II errors because of their 
failure to distinguish preferences. 

The authors propose an alternative, an 
interval that allows a trade-off between Type I 
and Type II error. The interval that King and 
Robison measure can be of any width or 
shape. The larger the width, the larger will be 
the Type II error and the smaller the Type I 
error. While the interval procedure has the 
potential to avoid many of the problems of 
discovering a utility measure consistent with 
the preference orderings of individuals, its 
ability to do so effectively is related to the 
width of the interval. And, methods for deter- 
mining the optimal width are not fully devel- 
oped at this time. Finally, it is much easier to 
apply since it only requires an ordering of ac- 
tion choices, not the discovery of indifference 
points. 

To test Giere's condition one using the 
interval approach, three questionnaires were 
administered to a group of graduate students 
in agricultural economics. The first question- 
naire measured risk intervals of different 
widths at different income levels. The second 
questionnaire derived utility functions using 
the modified von Neumann-Morgenstern 
model with neutral probabilities. The third 
questionnaire presented decision makers with 
a series of choices between pairs of distribu- 
tions. The experiment required that the risk 
interval measures and the utility functions 
predict actual choices in each case; the test 
was the comparison of the predicted choices 
with the actual. 

In this study, the EUH model predicted cor- 
rect choices 65% of the time, or a 35% Type T 
error. This evidence, alone, is a marginal pass 
of Giere's condition one; but it ordered 
choices 100% of the time for a zero Type II 
error. The largest interval predicted correct 
choices (i.e., did not reject the preferred 
choice) 98% of the time, while the smallest 
interval predicted correct choices 7296, or a 
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296 and a 2896 Type I error, respectively. The 
largest interval meanwhile ordered choices 9% 
of the time, and the smallest interval ordered 
them 91% of the time for Type II errors of 91% 
and 9%, respectively. 

The conclusion from the King and Robison 
study is that the EUH is a useful, but not a 
perfect, predictive tool. Also, their study 
points to an important question: what is the 
optimal trade-off between Type I and Type II 
errors and what factors affect this optimal 
trade-off? More discriminating models will 
likely come at a cost of increased Type I er- 
rors. Less discriminating models will increase 
Type II errors. 


Experimental Approach with Significant Out- 
comes 


Two studies have been reported recently using 
the experimental method with significant out- 
comes approach (Binswanger, and Grisley and 
Kellogg). Both studies were similar in that 
they constructed an artifical choice set using 
significant outcomes and measured risk aver- 
sion using a partial risk aversion measure 
(Zeckhauser and Keeler, Menezes and Han- 
son). Both studies found a distribution of risk 
aversion measures. While much useful infor- 
mation was obtained in these studies, it is 
disappointing that no test evidence of the 
EUH was produced. To have conducted a test 
of Giere’s condition one would have required 
an additional choice set be constructed, differ- 
ent from the first. Could they, for example, 
have derived utility functions using significant : 
outcomes and then used these to predict actual 
economic choice? Perhaps a future study 
could follow such an approach. 


Examining the Axioms 


A different approach towards testing the EUH 
is to examine the axioms that define rational 
behavior and ask, do these conform to ob- 
served behavior? The answer that can be read- 
ily given is, no they do not conform, at least 
not all the time. Consider some of the evi- 
dence. 

Tversky and Kahnemon, summarizing years 
of research, report consistent violations of the 
axioms underlying the EUH. In its place they 
propose a new theory—prospect theory. The 
first violation of the rational behavior axioms 
is what they refer to as the certainty effect, the 
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overweighting of outcomes that are consid- 
ered certain. The effect was first demonstrated 
by the French economist Allais (Allais and 
Hagen). 

In this result, the authors only confirm what 
Officer and Halter, Webster, and Haneman 
and Farnsworth found—that probabilities 
deserve a place in the utility function. 
However, rather than attempting to hold the 
influence of probabilities constant, these 
authors propose an explicit form for its inclu- 
sion. Their proposed model is multiplicative; 
probabilities are weighted by a function v and 
outcomes by a utility function U. The result- 
ing ordering index model can be written as, 


(6) maximize E(U(w)v[f(w)]).: 


Rather than proposing methods to measure 
the new function v, they suggest instead, that 
it is a standard function across individuals 
even though it is not well behaved at its end 
points. While this new model is intriguing it 
lacks two things, a method for measuring the 
function v and an experiment for testing condi- 
tions one and two. Nevertheless, its ability to 
explain what have been before aberrations of 
the EUH is encouraging. 

Machina has also dealt with the Allais and 
related problems of EUH consistency. In con- 
trast to the Kaneman and Tversky approach, 
Machina deduced a version of the EUH with- 
out the independence axiom. However, it 
leaves the EUH as it is now applied as only a 
local measure using a well-behaved function. 
Nevertheless, it does resolve many of the in- 
consistencies easily produced using the EUH. 

Another assault on the axioms of rationality 
underlying the EUH was made by Janis and 
Mann. They quote John F. Kennedy who 
asked: ‘‘How could I have been so stupid?" 
after realizing how badly he had miscalculated 
when he approved the Bay of Pigs invasion 
(Janis and Mann, p. 657). The EUH por- 
trays a carefully calculated expected utility 
maximizer weighing each possible alternative. 
And this is, in fact, how many decisions are 
made. But Janis and Mann argue that many 
other decisions are simply not made in this 
manner. 

They describe five different coping models 
that describe decision makers' behavior 
depending on the stress level. (a) Unconflicted 
adherence: in this model the risks associated 
with maintaining the status quo are small and, 
as a result, the status quo is maintained. Sub- 
sistence farmers with well-established farming 
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plans may exemplify such a decision model. 
There is no careful weighing of alternatives, 
only continued adherence. (b) Unconflicted 
change: in this model the risk associated with 
not changing is high, while the stress asso- 
ciated with changing is low. Perhaps this de- 
scribes an environment in which past practices 
have failed. In this model, the action choice 
selected is the one most salient or the one 
most highly recommended. Again, there is no 
weighing of the alternatives, only unconflicted 
change. (c) Defensive avoidance: the model is 
characterized’ by high levels of stress. The 
decision maker's approach is to shift respon- 
sibility, procrastinate, and to remain selec- 
tively inattentive to correct information. 
Because the decision maker does not believe a 
better solution is available, he fails to examine 
completely the available alternatives. (d) 
Hypervigilance (panic): again characterized 
by high stress levels, the decision maker 
seizes on hastily contrived solutions, over- 
looking the full set of consequences because of 
his excitement. Again, the decision maker fails 
to act like the EUH rational man. (e) Vigi- 
lance: this model is characterized by moder- 
ate stress levels. The decision maker carefully 
assimilates and weighs the information and 
appraises each choice before making a deci- 
sion. Only in this model would we expect to 
find operating our EUH rational man. 

Janis and Mann offer no evidence their 
models meet Giere's condition one. Instead, 
they emphasize that while not all decision 
makers reflect the vigilance approach, they 
would be better off if they did. And the 
authors offer suggestions for improving the 
likelihood that the vigilance (EUH-like) ap- 
proach will be used. The result is that one 
more argument probably needs to be added to 
our utility function— namely stress. À reason- 
able hypothesis, but one still in need of testing, 
is that high or low levels of stress may produce 
decision making behavior quite different from 
the rational EUH decision maker. 


Conclusions and Recommendations 


This paper concludes that there has been in- 
adequate evaluation of the EUH. Neverthe- 
less, based on what evidence is available, we 
can surmise the EUH is a useful, but far from 
perfect, predictor of choice behavior. Under 
experimental conditions, its Type I accuracy 
is in the neighborhood of 60% to 70%. The 
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EUH cannot be a perfect predictor based on a 
single argument because there are many other 
factors that influence the orderings of action 
choices. What is needed are studies which es- 
tablish reliable confidence intervals to guide 
practitioners who use the EUH. 

Instead there appears to have developed in 
the literature two classes of risk studies, both 
of which implicitly assume the EUH is a valid 
practical tool. The first class of studies is de- 
scriptive. These, summarized by Young et al. 
describe decision makers according to their 
degree of risk aversion, usually inferred from a 
single parameter measure. The second class of 
studies tries to correlate personal attributes 
with the parameters reflecting risk aversion 
(Halter and Mason, Binswanger, Whittaker 
and Winter, Grisley and Kellogg, and Dillon 
and Scandizzo). In neither class of studies has 
there been conclusive and consistent results 
produced. The only conclusion appears to be 
that risk attitudes differ. 

In 1960, Halter and Beringer concluded: 
‘Unfortunately, only a few empirical applica- 
tions designed to test the predictive power of 
the [expected utility] index have been taken so 
far, and it is consequently difficult to appraise 
the reliability of the suggested hypothesis at 
this time” (p. 120). I suggest their statement 
still applies today, over twenty years later. 

Because the EUH represents the most use- 
ful decision tool available, I suggest the re- 
search agenda in the future include answering 
the questions: (a) Are risk preferences intem- 
porally stable? (b) What is the predictive 
power of the EUH vis a vis alternatives? (c) 
What is the role of learning in modifying the 
predictive power of the EUH? (d) What are 
the trade-off between Type I and Type II er- 
rors? It is also hoped that we avoid single 
parameter characterizations of risk attitudes, 
and instead focus on functional forms that re- 
flect the fact that attitudes toward risk are 
described by a function rather than a param- 
eter. 
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Empirical Estimation and Use of Risk 
Preferences: An Appraisal of Estimation 
Methods That Use Actual Economic 


Decisions 


Rulon D. Pope 


The topic addressed in this paper concerns the 
conceptual basis, estimation procedures, and 
resources required for implementation of 
methods for estimating risk preferences by ob- 
serving behavior. An attempt is made to re- 
view and appraise previous literature as well 
as to explore some alternative approaches. 

To- begin, it is important to contrast four 
general types of empirical settings of interest. 
These are micro (farm level), macro (market 
or other aggregations), descriptive (positivis- 
tic), and prescriptive (normative) studies. The 
prescriptive, or conditionally normative, stud- 
ies seemingly have dominated agricultural 
economic studies of risk. These generally have 
been micro in nature and have focused on 
strategies to obtain risk efficiency for the firm. 
Very few empirical risk-responsive supply or 
demand studies have been both aggregate and 
normative in nature. This probably is because 
of a poorly developed literature on economic 
welfare under risk (e.g., see Grahm). The dis- 
cussion here will touch on all four of the above 
approaches with a major focus on descriptive 
analyses of supply and factor demand of the 
firm or market. 


Choice under Risk—Tests of Theory and 
Risk Preference Measurement 


Many models of choice have been proposed as 
having prescriptive and/or descriptive rele- 
vance. The list is extensive and growing (see 
Kahneman and Tversky; Anderson, Dillon, 
Hardaker). By the very nature of things, nor- 
mative economics seeks a synthesis of alterna- 
tive models of choice. In the case ofthe theory 
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of the firm, (expected) profit maximization 
seems to have dominated economic thought 
until two or three decades ago. However, with 
work of Von Neumann and Morgenstern and 
others, acceptance of expected utility, EU, 
maximization as the normative model of deci- . 
sion making under risk was well under way. 
However, this consonance was not without its 
detractors. 


Expected Utility in the Laboratory 


Some question. whether maximization as a 
generally applied descriptive hypothesis is ap- 
propriate. Others focus on the issue of con- 
tinuity and propose lexicographic orderings 
falling under the rubric of ''safety first" theo- 
ries (e.g., Moscardi and de Janvry). However, 
the most concerted criticism is broadly based 
and argues that the simplest of experiments 
show a uniformity of behavior at variance with 
EU maximization (Kahneman and Tversky, 
Heiner). Thus, the attack is basically on the 
descriptive relevance of the theory. The flavor 
of these arguments is given below because it 
seems that the principles involved not only 
impinge on so called ''experimental or labora- 
tory" risk aversion measurements, but must 
be cause for caution as one interprets ''field"' 
results on actual economic behavior of agricul- 
tural firms—which are discussed throughout 
this paper. 

Various axiom sets which guarantee the 
existence of EU as a real valued function 
reflecting preference have been proposed, 
such as ordering and transitivity, continuity, 
and independence (e.g., Von Neumann and 
Morgenstern). 

The most famous case of rather uniform vio- 
lations of these axioms is the Allais paradox. 
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Consider two problems, modified by Kahne- 
man and Tversky (KT), from the original ex- 
ample of Allais: 


Problem 1 
out- prob- out- prob- 
come ability come ability 
A: $25 .33 B: $24 1.00 
$24 .66 
$0 .01 
Problem 2 
out- prob- out- prob- 
come ability come ability 
C: $25 .33 D: $24 .34 
$0 .67 $0 .66 


The expected utility model yields EU(1A) — 
.33UQ5) + .66U(24; EU(1B) = U(24); 
EU(2C) = .33U(25); EU(2D) = .34U(24), 
where U is utility and U(0) = 0. 

KT report that a majority prefers B to A in 
problem 1, which implies that .34U(24) > 
.33U(25). Further, a majority also chooses C 
over D, which implies that .33U(25) > 
.34U (24). Hence, a contradiction arises. In a 
number of courses, I have found students to 
exhibit similar behavior, though with a lower 
percentage of inconsistencies than KT report, 
around 80%; perhaps repeated playing would 
eliminate these problems. In each case, the 
evidence against EU is based upon hypotheti- 
cal lotteries or ‘‘laboratory’’ experiments as 
discussed by Robison earlier in this session. 
KT realize the shortcomings of this approach, 
as illustrated recently by Binswanger. Yet, it 
does seem clear that testing of EU versus 
other risk theories is appropriately done in this 
setting if the theory is meant to apply to an 
individual (see Diewert and Parkhan for tests 
of production theory under certainty). 

Since much agricultural research is based 
upon the EU model, are there reasonable lines 
of defense for continued use of the approach in 
descriptive studies? Perhaps the most com- 
mon rationalization is that EU is a useful ra- 
tional normative model of individual behavior, 
but it describes only a representative decision 
maker (either a well-informed individual or 
some aggregate or average). This seems to be 
the tack taken when laboratory experiments 
contradict consumer demand axioms. Though 
the arguments by KT suggest further research 
on appropriate modelling of risk behavior, I 
will assume, for purposes of discussion and 
parsimony, an EU model since it still is pre- 
dominant in economic analysis. 
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Expected Utility in the Field 


There is an alternative form (than the labora- 
tory approach) for testing theory based upon 
supply and demand functions which should be 
useful in pursuing further tests. It is well- 
traveled territory in much of riskless empirical 
economics (e.g., Appelbaum). One can de- 
duce the differential restrictions of the theory 
and empirically test the implications of this 
theory using statistical tests (Wolgin's study is 
somewhat in this vein). There are many objec- 
tions to this approach as well. It is argued that 
aggregation often destroys the empirical con- 
sequences of micro theory. Thus, tests of the 
theory based on aggregate data may be im- 
proper. (Risk analysis may be particularly 
vulnerable to aggregation.) 

Finally, suppose one is not interested in 
testing theory but wishes merely to either 
measure risk preferences or measure response 
to risk. I would argue that it is still desirable to 
use a complete model of behavior in order to 
provide coherence so as to interpret fully the 
results of empirical work. These arguments 
are best developed by reviewing some of the 
deductive implications of the theory. 


The Basic EU Model 


The basic expected utility model might be des- 
cribed mathematically as Max E[U(w + 7)], 
where E is expectation, U is utility, a is profit, 
w is initial nonrandom wealth, and x is a vector 
of control variables which may be constrained 
in some set. 

When one considers a more explicit descrip- 
tion of the above abstract problem, many is- 
sues surface. "Is the firm multiproduct?” 
"Are both price and production random?" 
"Do marketing or storage strategies affect 
production decisions?” Just to mention a few 
of them. It is apparent that affirmative answers 
are justified in most cases. 

Consider first the simplest of characteriza- 
tions, that of a single-product competitive firm 
where only output price is uncertain and 
where input decisions are made prior to the 
realization of price and hedging or storage is 
not available or prohibitively costly. Here, 


aw = Pf(x) — v'x 
= (P+ e)y—r'x, 
where y = f(x) is the production function, 
E(P) = P and E(e) = 0, r’ is a vector of input 
prices, and y is output. 
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The following implications have been ob- 
tained for the above model when there are two 
inputs (basically by Batra and Ullah): 

(1) input demand curves slope downward 
under the following assumptions: The produc- 
tion function exhibits diminishing marginal 
products and production complementarity 


(1a) (83f/àx,0x, > 0, i # Jj); 
absolute risk aversion, 
(1b) wir) = — U"/U', 


where U” = ó*U/às?, and U' = 
nonincreasing (U' = 0); 

(2) supply curves are upward sloping in ex- 
pected price under nonincreasing absolute risk 
aversion; 

(3) a mean preserving increase in risk 
(Sandmo) reduces output supplied under (1b) 
and reduces input demands under (1a-1b); 

(4) inputs demands are less under risk aver- 
sion and (1a) than under risk neutrality (y = 
0); and 

(5) the expected utility-maximizing firm is a 
cost minimizer. 

Using the approach of Silberberg, the fol- 
lowing additional restrictions can be obtained 
(Chavas and Pope 1981b, Pope 1978b, 1980): 


symmetry, 


aU/an, is 








dy dy Ox; Ox 
(6) — + u ——-- dy 
or, A w b “Ow 
(7) Ox; +x Ox; = Ox; Ox; 
ar; aw ar; ðw ' 
(8) the matrix 
ES + 8x; x 
or; ow 
is negative definite; 
dy dy 
— y —— > 0, 
" ab aw 
É Ox; ðY 
+ 
ao az a] 
Ox, dy 
+ —. X;— 0, 
ðw [D 9x; »- 


where ij= 1, , N represent inputs and 
input prices.’ The above Slutsky-type equa- 
tions key on the impact of wealth on choices. 

! Adding additional products does not really alter substantively 


(6)-(10). It will alter the qualitative conclusions regarding the sign 
of ay/aw and ax/dw, except under constant risk aversion. 
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It is easy to show that dy/aw > (=) 0 as 
absolute risk aversion is decreasing (con- 
stant). Further, ax,/aw = (dx,/dy)(d)/dw), 
where x, is the cost-minimizing input choice. It 
is seen that constant risk aversion implies that 
the wealth effects are zero. Thus, many impli- 
cations under certainty are forthcoming: 


oy OX, 
11 a LOU. 
( ) ar; aP 
Ox. Ox, 
12 —t z—L, 
(2) Or; or, 
(13) es 5 Ji is negative definite, 
dy 
4 > 0. 
3 ab 


.There are, however, two restrictions which 


separate constant risk aversion from zero risk 
aversion or risk neutrality. These are: 


(15) homogeneity of demand and supply func- 
tions does not follow from (10) except 
under risk neutrality (see [10], when 
dx,/aw = 0, and dy/dax, = r,/P); and 

(16) input demands respond to changes in the 
distribution of P other than P. 


The above approach can be extended to add 
production uncertainty, futures markets, mul- 
tiproducts, and other complexities. Further, 
multiperiod decisions and learning can be 
added, as in Epstein. Unfortunately, the quali- 
tative conclusions reached above change con- 
siderably when one changes the risk specifica- 
tion. 

However, the essential point above is that 
for any risk specification, differential type re- 
strictions are implied on actual behavior. Given 
constant risk aversion, or some simple risk 
specification (e.g., mean-variance analysis), 
these are especially simple to work with. 
These may be used not only for testing but for 
interpretation of empirical results as well. 


Empirical Studies of Risk Response 


Two types of studies based upon some version 
of the above theoretical model are program- 
ming and econometric approaches. Most pro- 
gramming approaches are normative in nature 
and are in the activity analysis mode—based 
on either normality or a polynomial utility 
function. The most illustrative is the study by 
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Lin, Dean, Moore. By comparing risk-neutral 
and experimentally derived risk-averse pref- 
erence optima it was found that a continuous 
EU model predicted actual behavior better 
than the risk-neutral model. The work of Just 
(1975, 1974) is among the most well known of 
the econometric analyses of risk. These ap- 
proaches are reviewed below. 


Programming Models 


Programming studies typically are based upon 
the Markowitz mean-variance efficiency prob- 
lem: 


(17) min v = x'Xx, 
subject to R'x = e 


Ax sb, 


where È is an estimate of the covariance ma- 
trix of net returns (at unit level), R is a vector 


of expected net returns, or R = E(R), A is a 


matrix of technical coefficients with resource 
constraints b, and v, e are, respectively, total 
farm variance and expected returns. Solution 
of this problem yields a mean-variance port- 
folio conditional on e. As e is varied, an effi- 
cient set is generated, e = g(v). The optimal 
farm plan is chosen by Max EU = h(e,v), sub- 


ject toe = g(v). Several variants of (17) have 
been proposed, MOTAD being the most popu- 
lar (Hazell). 

When programming analysis is used for 
aggregate work, it is not possible to measure U 
experimentally. A possible approach is to as- 
sume 


h(e,v) = e — (4/2)v, 


and estimate the risk aversion coefficient, A, 
by minimizing some notion of distance of ac- 
tual means and variances (or portfolios) from 
e, v, above, for a homogenous group of deci- 
sion makers (Wiens and others). 

A difficulty with this approach is that the 
remainder of the model must be measured 
properly: this includes A, b, =, R. Small 
changes in any of these may substantially af- 
fect the estimate of à. Perhaps a fruitful, but 
difficult, approach would be a more thorough 
blending of optimization theory and statistical 
decision theory. Least squares, Bayesian, or 
other procedures could be applied without 
specifying that all parameters (A, b, Ł, R) 
other than A are known with certainty. 

This leads to a further point on some weak- 
nesses of our current analyses. There is an 
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issue which invariably is ignored in all of the 
programming studies: R, È are estimated from 
historical data (usually) and are subject to 
sampling error. This leads to a search for an 
appropriate estimator of R and X. It also 
implies that the frontier may have almost no 
efficiency implications in the statistical sense. 
That is, frontier portfolios may be inefficient 
with large frequency. This problem has not 
received the attention it should by agricultural 
economists. (See Anderson, Klein et al., Job- 
son and Korkie for a discussion of some as- 
pects of the problem.) Consider the estimation 
problem. 

The Bayesian analysis is well resolved in 
principle: distributions should be estimated 
from sampled data and combined with prior 
information such that the optimal portfolio is 
obtained using the predictive distribution. In 
the classical case, it is less clear. Is a minimum 
variance unbiased estimator or its asymptotic 
counterpart desirable? Does one estimate EU 
given any arbitrary x level, or the efficient set 
of x's? In the latter case, unbiased or consis- 
tent estimation of the mean-variance frontier 
is difficult since ? = £ '$ £, and x depends on 
R and $, where hats denote estimates (Jobson 
and Korkie). Given x and U, Meyer and Pope 
argue that an unbiased estimate of the prob- 
ability density and expected utility is desir- 
able.? The most commonly used procedures 
lead to biased estimates of expected utility. 
For example, unbiasedness implies that a 
normal distribution is estimated by a beta dis- 
tribution. It can be shown that differences in 
estimation often will not alter the efficient 
risk-averse set but will alter choices among 
this set, for example, the placement of g(v) 
will change. 

To summarize, it would appear that further 
agricultural research should concentrate on 
these issues if risk response is to be ade- 
quately measured in programming models. It 
is even more relevant when using the models 
to make prescriptions: both estimation and 
testing are important issues which are largely 
unresolved. 


Econometric Supply Response 


A number of studies have generalized the Ner- 
lovian type model to include risk terms (Just 


? Since EU merely ranks distributions, one wishes an estimator 
which reduces the risk of inappropriate ranking. This makes the 
estimation issue more difficult. A biased estimate of EU may 
‘‘appropriately’’ rank distributions on average. 
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1974, Estes, Blakeslee, Mittelhammer; 
Adams, Menkhaus, Keith). Often these 
models seem to be based upon an activity 
analysis formulation with costs nonrandom 
(see [17]). Thus, a typical time-series linear 
formulation might be 


(18) x, = a + a' R: + a';vec(Z,) + a’3K;, 


where the a's are parameters to be estimated, 
vec (X) is a vector with all elements of È, È is 
the covariance matrix of gross revenue per 
unit level of the activity, and K represents 
other determinants of acreage. 4 

Various schemes for the evolution of R, and 
>, are specified, usually with an Almon, 
geometric, or fixed weight lag. Generally, R, 
and X, are measured in nominal dollars. This 
leads one to worry about specification prob- 
lems when gross revenue has a nominal trend 
of the inflationary variety. That is, 
var(rR) = #3 and variance increases overtime. 
Thus, one must be careful that acreage 
changes due to a smoothly changing variable 
other than risk are not interpreted incorrectly. 

This can be amplified by considering EU = 
w + x'R — (4/2) x'Zx. It is seen that x at 
optimum is homogenous of degree zero in R 
and X. (this could be imposed on [18]). 
However, for a given A, this implies that x 
responds to changes in the units of measure- 
ment (scale changes). This seems undesirable 
for most applications. Perhaps it would be 
preferable to impose homogeneity at the out- 
set. For example, let 


EU = (x'R) — (A/2w) : x Ex. 


In this case, the optimal x would be invariant 
to common ‘inflationary factors affecting 
profits and initial wealth since expected utility 
is defined over the ratio of net return to wealth 
or return an investment. 

A second issue related to risk measurement 
concerns how perceptions of risk evolve. The 
adaptive framework is appealing, but it does 
ignore much of the difficulties in defining risk 
rationally as an extension of Muth, Wallis, and 
others. Perhaps the issue is best illustrated by 
assuming that the distribution is stationary in 
the sense that R, = R and £, = È for all t. 
Would one impose the adaptive structure on 
decision makers? From a Bayesian perspec- 
tive the answer is yes, if these parameters are 
not known with certainty (Just 1974). Eventu- 
ally, the decision maker would learn the val- 
ues of = and R. In a non-Bayesian rational 
expectations model, it would appear that such 
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would not necessarily be the case: expecta- 
tions are formed from expected market 
changes conditional on available information. 
(This information includes the random draws 
on past error terms in the econometric market 
model. If the errors are correlated, they con- 
tain information useful for prediction as in 
Muth.) This would require more than acreage 
or supply equations in the modelling effort 
since presumably demand conditions are also 
important for the derivation of expectations. 
Thus, the requirements under this scheme are 
more burdensome. 

However, there is a related aspect here that 
deserves mention. If there is no production 
uncertainty and if the decision maker dis- 
counts at the market rate, and marginal hedg- 
ing costs are constant, production decisions 
depend only on the known futures price at the 
time of hedging (e.g., Holthausen). (This im- 
plication has nothing to do with the predictive 
accuracy of the spot price with the futures 
price.) This is a surprising result which leads 
one to the notion that price risk or any other 
risk should not affect acreage choice for crops 
where the mentioned assumptions are worka- 
ble (see Gardner). However, when production 
is random, then deduction indicates that deci- 
sions will depend significantly on the distribu- 
tior of spot price. Hence, research directed at 
the basis by which farmers make production 
decisions would be useful. Tests of the form, 
Ho: supply (acreage) responds only to future’s 
price, Ha: supply (acreage) is as indicated in 
(18) and vice versa, should prove interesting. 


Additional Approaches 


This section discusses complete risk systems 
within the classical production function 
framework with input substitution. It ignores 
econometric portfolio analysis as in Lins, 
Gabriel, and Sonka. 

Recent contributions in the journals using 
econometric systems production analysis has 
centered around three approaches: 

(19) derive behavioral responses from an 
explicit specification of an objective; 

(20) impose restrictions of the theory on an 
arbitrary reduced form (perhaps locally at a 
point); 

(21) use duality notions to derive a behav- 
ioral system consistent with theory. 

Examples of (19)-(21) under certainty are 
discussed in McFadden, Court and Woods, 


Pope 


and Lau and Yotopolous. Note that under 
price uncertainty only, the firm is a cost mini- 
mizer and, hence, the cost function can be 
used advantageously in risk analysis. -Ques- 
tions involving elasticity of substitution can be 
answered using the cost function alone. Ques- 
tions involving output effects can be analyzed 
by adding P = MC + MR, where MC is mar- 
ginal cost and MR is the marginal risk pre- 
mium. 

The merits of a systems approach are well 
known: not the least of which is the fact that a 
unique welfare measure exists if demands sat- 
isfy the theoretical restrictions (Pope, Chavas, 
Just; Chavas and Pope 1981b). It is clear from 
the brief review of empirical studies in the 
previous section that these studies lag sub- 
stantially behind recent production studies 
under certainty (at least in scope). In fact, 
equation (18) corresponds to none of the 
above. As Just (1975) notes, one cannot even 
interpret the impacts of risk aversion when 
cost or production are random using this 
reduced-form approach. One is led to ask, 
Does risk complicate matters such that the 
approaches in (19—)(21) are infeasible? 

There is no question that risk does compli- 
cate matters. However, as seen in equations 
(6)-(16), the approach in (20) is not too dif- 
ficult to apply. Similarly, the dual approach is 
feasible but more difficult..Production uncer- 
tainty particularly makes these approaches 
cumbersome (Pope 1978a; Hallam, Just, 
Pope). This is so because EU becomes non- 
linear in parameters—even in expected price 
under constant risk aversion.? However, at 
present, simple functional forms for the in- 
direct expected utility function are not known 
which satisfy all of the needed theoretical re- 
strictions that guarantee it as a valid utility in- 
dicator. A search of the restrictions implied by 
duality reveals the following. It can be shown 
that if there are N inputs and M > N exoge- 
nous variables or parameters denoted by a, 
then the number of theoretical restrictions on 
econometric parameters (of the equality type) 
are M(M — 1)/2 symmetry restrictions, and if 
the matrix (9?EU/8ax) is rank N, then there 
are M — N nullity restrictions such as homo- 
geneity of factor demands in certainty theory 
(see [10]). Additionally, there are restrictions 


3 It is interesting that many economic models happen to be 
linear in parameters, e.g., cost and profit. However, EU is not 
generally linear in parameters. This has crucial implications for the 
indirect expected utility function approach (Pope and Chavas, 
Chavas and Pope 1981a). . 
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implied by positive definiteness of various 
matrices (e.g., [8]). In the static certainty 
theory, M = N + 1: N input prices and 1 out- 
put price. Since risk multiplies M. — N, it is 
clear that it requires more restrictions and a 
greater modelling burden. 

In the author's opinion, use of (19) is the 
most obvious and the simplest way to proceed 
for many questions. For example, when 


EU = Pf(x) - r'x — (4/2) P(x) oP), 


where v(P) is variance of price, the production 
system would be i 


$, 7 nil — àyv(P)/P], 


where S; is the share rjx;/Py, and n; is the 
production elasticity. Risk aversion is tested 
treating \ as a parameter to be estimated with 
Ho: X = 0, and v(P)/P estimated by a distrib- 
uted lag. Notice that risk or risk aversion 
makes the estimating equation nonlinear in pa- 
rameters even when 7; is linear in the inputs, x 
(such as a Cobb-Douglas or translog produc- 
tion function). 

Space does not permit further discussion of 
this approach, but it is readily applied and has 
essentially the same data requirements as (18) 
on P but requires measures on the shares and 
output (see Pope 1978a for further discussion). 


Conclusions 


The basic thrust of this paper is that it is high 
time to do rather basic research in order to 
develop procedures for incorporating risk into 
the full range of production economic models 
and procedures. For some approaches, further 
work is required; while for others, obvious 
methods are workable (20). It seems that ag- 
ricultural economists are likely to play an im- 
portant role in further development of risk- 
response literature because of the importance 
of risk for descriptive work. Particularly in the 
area of production uncertainty, where general 
economists seem to have less interest, agricul- 
tural economists must do further work on de- 
veloping pragmatic approaches to modelling 
choice. I see the development of these ap- 
proaches as being in an embryonic state— 
similar to predual production-cost function 
developments and prior to the profit function 
approach (McFadden, Lau and Yotopolous, 
and Nerlove). It will take logical analysis; ex- 
perimentation, and applications to develop an 
**established' method of anlysis. 
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Application of Risk Preference Estimates i in 
Firm-Household and Agricultural Sector 


Models 
Peter B. R. Hazell 


Agricultural production is generally a risky 
process, and considerable evidence exists to 
suggest that farmers behave in risk-averse 
ways. Neglect of risk-averse behavior in ag- 
ricultural models can lead to important over- 
statements of the output levels of risky enter- 
prises, to overly specialized cropping pat- 
terns, and to biased estimates of the supply 
elasticities of individual commodities. Other 
consequences may be overestimation of the 
value of important resources, such as land and 
irrigation water, and incorrect prediction of 
technology choices (Hazell et al.). 

Recent years have seen rapid advances in 
the development of techniques for incorporat- 
ing risk-averse behavior in agricultural deci- 


sion models at the farm and sector levels. This 


paper reviews these developments and evalu- 
ates the possibilities of using empirical esti- 
mates of farmers' risk preferences in the 
construction of such models. 

The most prolific advances have been made 
in the development of single period, optimiza- 
tion models for planning farm production 
under risk. These models are reviewed and 
placed within the context of the theory of the 


joint firm-household, which has recently. 


spawned a number of econometric models of 
farm households. At the sector level, mathe- 
‘matical programming models provide the most 
explicit way of modelling aggregate risk be- 
havior. But there is a growing literature on 
econometric supply models which embody 
some forms of risk behavior. 


Static Models of Firm-Household Decisions 


A family farm differs from most kinds of firms 
because part of the firm's output is consumed 
by the family itself. On small farms, this 
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household dependency on the farm may effect 
the mix and level of crops and livestock 
produced, especially when alternative food 
supplies are expensive and unreliable. 

: Static theories of the equilibrium of family 
farms assume the existence of a one-period 
utility function for the household defined over 
the consumption of goods (including food) and 
leisure. It is assumed that the family 
maximizes this utility function subject to an 
income constraint. Income depends on farm 
output, which in turn depends on the amount 
of work (and hence leisure) undertaken, as 
well as on the allocation of land and other farm < 
inputs. Income may also be supplemented by 
off-farm wage earnings where opportunities 
exist. 

In a pure subsistence situation without trade 
in goods or labor, application of this model 
leads to a firm-household equilibrium in which 
the levels of production, leisure, and con- 
sumption are all simultaneously determined 
(Nakajima). Such models are inherently 
difficult to apply. The parameters of the utility. 
function cannot be estimated in direct or in- 
direct form, and it is difficult to estimate pro- 
duction and consumption systems simulta- ` 
neously when these are nonlinear and inade- 
quately identified. Nor is the model easily 
modified to take account of risk. 

' Most family farms are not isolated from all 
trading possibilities in goods and labor and 
tend to specialize to increase production while 
trading surplus goods and labor for goods 
providing greater utility. Under these circum- 
stances, consumption and production deci- 
sions are less interdependent. 

With perfectly competitive markets for 
labor and all relevant goods, the simultaneity 
between consumption, leisure, and production 
decisions breaks down completely (Lau et al.; 
Barnum and Squire, pp. 36-38). The firm- 
household equilibrium can then be derived 
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from a two-stage decision process. First, the 
farm production problem is solved for maxi- 
mum income (at least in the absence of risk), 
given that all labor is valued at the market 
wage. Second, given income and the market 
wage, the household’s consumption of goods 
and leisure is determined. 

This formulation has proved practical since 
indirect forms of the utility function can be 
derived in prices and income and can be esti- 
mated independently of the farm’s production 
function. Recent work by Lau et al. has dem- 
onstrated the value of linear logarithmic ex- 
penditure systems and profit functions for 
these purposes. Barnum and Squire used a 
linear expenditure system and a Cobb-Douglas 
production function. Ahn, Singh, and Squire 
used a linear expenditure system in conjunc- 
tion with a linear programming model of pro- 
duction to deal more adequately with a multi- 
ple crop situation. 

All these studies ignore risk. Barnum and 
Squire (p. 39) note that if risk is introduced 
through an expected utility framework, then 
the separation of production and consumption 
decisions does not necessarily hold. If not, 
then this approach to estimating firm-house- 
hold models breaks down. But if the separa- 
tion holds, the production problem should in- 
volve the maximization of an expected utility 
function for income. 


Single-Period Farm-Planning Models 


A wide variety of optimization models now 
exists for solving production problems under 
risk, several of which are based on the 
maximization of expected utility. These 
models inherently assume that production and 
consumption decisions are separable. Also, 
when being applied to family farm situations in 
developing countries, attempts are usually 
made by the users to capture market imperfec- 
tions. For example, constraints may be im- 
posed on the amounts of labor that can be 
traded, and price differentials between the sale 
and purchase prices of farm-produced com- 
modities may be introduced. Subsistence 
constraints are sometimes included, either in 
deterministic or chance-constraint form. Pref- 
erences for leisure are usually specified by 
charging a fixed reservation wage for family 
labor. ; 

It is not clear whether these models are con- 
sistent with the firm-household equilibrium 
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approach outlined above. But then most of 
these models were developed initially to ana- 
lyze commercial farming situations in North 
America and Europe where income is virtually 
synonymous with consumption. In modifying 
these models for use in developing countries, 
more thought ought to be given to possible 
inconsistencies in the underlying behavioral 
assumptions, particularly when risk prefer- 
ences are incorporated. 

Freund first developed a farm production 

model incorporating risk aversion. He as- 
sumed an exponential utility function for in- 
come of the form u = 1 — e^», where u de- 
notes utility, y denotes income, and B is a 
risk-aversion parameter. Assuming that in- 
come is normally distributed, expected utility 
evaluates at E(u) = E(y) — '48V(y), which is 
linear in the mean and variance of income. 
Freund maximized this function subject to a 
set of linear resource constraints using qua- 
dratic programming. In the absence of an es- 
timate of 8, he used a ‘‘reasonable’’ value for 
the North Carolina farm under study. Weins 
has since shown how the dual of the model can 
be used to impute a value for B using available 
data on factor prices and the farmers' ob- 
served cropping decisions. 
. A mean-variance (or E, V) model can also 
be justified assuming a quadratic utility func- 
tion for income, regardless of the way in which 
income is distributed. In this case expected 
utility is linear in V, but quadratic in E (Mar- 
kowitz p. 286). Using experimental tech- 
niques, Lin, Dean, and Moore elicited qua- 
dratic utility of income functions for six Cali- 
fornian farmers and used them to derive opti- 
mal E, V solutions for each farm. 

A quadratic utility function is characterized 
by increasing absolute risk aversion and has 
been rejected as untenable by many theorists 
(Pratt). Yet there is little evidence to suggest 
that farm incomes are normally distributed, so 
Freund's E, V model may be of limited use. 

The computational advantages. of the E, V 
model must be offset against these difficulties. 
It can be solved by quadratic programming or 
by linear programming alternatives such as 
MOTAD (Hazell 1971). Utility functions with 
preferred theoretical properties often have ex- 
pected values which are difficult to evaluate 
numerically, and higher order polynomials can 
lead to nonconvex programming problems. 

The quadratic utility function also can pro- 
vide an excellent second-order approximation 
to more desirable functions (Levy and Mar- 
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kowitz). When fitted to elicited utility-of- 
income data through regression analysis, it 
also appears to fit as well as most other func- 
tions (Officer and Halter). 

Attempts to elicit individual farmers' risk 
preferences are expensive and time consum- 
ing. Furthermore, studies by Dillon and Scan- 
dizzo, Binswanger, and Moscardi and de Jan- 
vry suggest that individual utility functions 
may not be stable over time because they vary 
with the socioeconomic status of the 
household. It seems unlikely that direct elici- 
tation will ever be a widely adopted approach 
in farm advisory work. A more practical ap- 
proach has proved to be the derivation of a 
number of farm plans in the efficient E, V set, 
and to present these to the farmer for his 
choice. 

The E, V approach is consistent with To- 
bin's separation theorem. If homogenous 
farmers face a choice between investing 
resources in a riskless investment or in the 
production of risky crops, then the separation 
theorem applies (Johnson). There will be an 
optimal mix of crops which should be grown 
by all the farmers, regardless of their risk pref- 
erences. But the optimal share of resources to 
be allocated to this crop mix as opposed to the 
riskless investment will vary with individual 
risk preferences. Optimal crop mixes could be 
determined for representative farms using E, 
V models, and these would then have wide- 
spread applications to other farms of the same 
type. Despite its promise, this approach has 
not been adopted, probably because few farm- 
ers face satisfactory riskless alternatives for 
the use of their resources. 

Closely related to the E, V model is the 
mean-standard deviation (or E, o) model. 
Since ø is the square root of V, then the effic- 
ient E, o set of farm plans is identical to the 
efficient E, V set. Baumol has rationalized the 
expected gain-confidence limit decision crite- 
rion E(u) = E — $c, where $ is a risk aversion 
parameter, which leads to linear indifference 
curves in the E, o axes. If $ is known, then a 
unique farm plan can be selected. 

The $ parameter can be estimated from di- 
rect elicitation of farmers' risk preferences. 
Using experimental methods, Dillon and 
Scandizzo obtained an average ¢ value of 0.9 
for a sample of farmers in northeast Brazil. 
Moscardi and de Janvry imputed an average $ 
value of 1.12 for farmers in the Pueblo Project 
in Mexico. This value was derived from actual 
decision data and the first-order conditions for 
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maximizing E — do over an estimated produc- i 
tion function. t 

One attractive feature of the E — dao model 
is that ¢ is a number with an intuitive interpre- 
tation. For example, if income is normally dis- 
tributed, then a $ value of 1.65 would lead to 
the selection of the farm plan with the largest 
5% income fractile. Such a level of risk aver- 
sion compares directly with the levels of risk 
tolerated by statisticians (or economists!) 
when performing one tail, 596 confidence tests 
on selected hypotheses. If Sir Ronald Fisher 
had a $ parameter of 1.65, should we expect 
rational farmers to be much different? 

Several researchers have. imputed values of 
$ by solving farm models for different values 
of $, and selecting the value which leads to the 
closest fit between the actual and predicted 
farm plans. Various ways of measuring the 
closeness of fit have been used, such as the. 
mean absolute deviation of the differences in 
crop areas. This method of estimating $ has 
been more common with sector models than 
with individual farm models. Hazell et al., 
Simmons and Pomareda, and Kutcher and 
Scandizzo have reported $ values ranging 
from 0.5 to 1.5 when derived in this way for - 
aggregate models in Mexico and Brazil. Brink 
and McCarl recently reported $ values de- 
rived for individual farmers in the U.S. Corn 
Belt. They obtained values of less than 0.25 
and concluded that risk preferences were not 
important. 

There are two major problems with this ap- 
proach to estimating $. First, in using $ as a 
fine tuning device to validate the model, there 
is a real possibility that $ may be biased by 
model misspecification and data errors. 
Second, if farmers have access to risk-sharing 
institutions such as crop insurance or futures 
markets, then their farm-planning decisions 
will not reflect their real risk preferences. Un- 
less these risk-sharing possibilities are 
included in the model, then 4 is likely to be 
underestimated. This may explain the low $ 
values obtained by Brink and McCarl. 

As a decision criterion, the E, o model is 
subject to the same theoretical criticisms as 
the E, V approach. However, Tsiang has ar- 
gued that the E, o criterion is a good approxi- 
mation to more desired decision criteria if the 
risk taken is ''small" relative to the total 
wealth of the farmer. While this condition may 
easily be met for many commercial farms, it 
probably is not satisfied for small, subsistence 
farms in developing countries. 
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Although the E, V and E, o decision criteria 
have been widely used for farm planning under 
risk, a variety of alternative approaches have 
been developed. (See Boussard 1979 for a re- 
cent review.) These decision models have typ- 
ically been proposed on an ad hoc basis with- 
out much regard to their possible inconsisten- 
cies with the expected utility theory. They are 
usually justified on one or more of the follow- 
ing grounds: being computationally conve- 
nient (e.g., can be solved by linear program- 
ming); requiring less information on risky out- 
comes than the E, V and E, o models; or 
having greater appeal to decision makers. 

"Game theoretic models require the least in- 
formation about risky outcomes. They have a 
great deal of appeal for planning situations 
where few risk data are available and pos- 
sibilities exist for disastrous outcomes. The 
minimax and maximin rules are also attractive 
because they do not depend on utility param- 
eters for individual farmers. 

A variety of safety-first models have also 
been developed. Some of these seek to mini- 
mize the probability « with which income will 
fall below some critical level z. Others seek to 
maximize z, such that the probability of in- 
come falling below z is no larger than a given 
«, Still others seek to maximize expected in- 
come, or E, V utility, with income constrained 
not to fall below z with a probability greater 
than «. These models are closely related to the 
E, o model, and require identical information 
on risky outcomes. Further, estimating values 
for the z or « parameters is no easier than 
estimating parameters like ¢. 

Shackle's focus loss-focus gain decision cri- 
terion has been adapted in a class of models 
that are very similar to some safety-first ap- 
proaches. Boussard and Petit first showed 
how focus-loss constraints could be included 
in linear programming models in which ex- 
pected income is maximized. Webster and 
Kennedy subsequently developed a practical 
procedure for eliciting farmers' preferences 
between mean income and the focus-loss of 
income, and successfully applied this method 
to a number of Australian farmers. 

Finally, in an attempt to remain within the 


framework of the expected utility theory but. 


avoiding the need to elicit individual farmers' 
risk preferences, Anderson developed a 
Monte-Carlo simulation procedure (REMP) to 
select farm plans on the basis of stochastic 
dominance rules. This approach shows some 
promise, but it is limited by the relative com- 
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putational inefficiencies of Monte-Carlo tech- 
niques compared to linear programming, and 
by the large number of risk efficient farm plans 
that typically remain in the efficient set, even 
when a third-degree stochastic dominance rule 
is used. 

Turning now to risks in the constraint set, 
several methods have been proposed. Some of 
these methods, such as chance constrained 
programming, involve additional risk param- 
eters (the acceptable probability levels of in- 
feasibility) which have to be estimated. A 
difficulty arises in that the risk preferences 
expressed in the constraint set may be incon- 
sistent with the risk preferences embodied in 
the model's objective function. An E, V model 
with a chance constraint cannot, for example, 
be derived from a single utility-maximizing 
model of the household. 

Two approaches appear to be more satisfac- 
tory in this respect. Paris has shown how the 
E, V model can be generalized to take account 
of stochastic resource supplies. His method 
involves the formulation of a joint primal-dual 
model in which the risk in resource supplies 
enters the objective function as the variance of 
the dual prices. Similarly, Cocks has proposed 
a discrete stochastic programming model in 
which all the risks in the constraint set are 
collected as an additional monetary cost in the 
model's objective function. In both cases, no 
new information on risk preferences is 
required. 


Agricultural Sector Models 


Agricultural sector models can be charac- 
terized as containing equations for the supply 
and demand of important commodities which 
are used to provide market-clearing prices and 
quantities each period. The demand and sup- 
ply equations can be estimated economet- 
rically, and a suitable algorithm used to derive 
the market-clearing conditions. Or, the supply 
equations can be replaced by a mathematical 
programming description of production. 
Duloy and Norton have shown how linear 
programming models can be used to simulta- 
neously solve the production and market- 
clearing problems. : 
Much work has been done on estimating 
demand functions for agricultural commod- 
ities, but these functions do not include risk- 
averse behavior on the part of consumers. 
Since consumers can usually defer purchasing 
decisions until after prices are known, it may | 
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be reasonable to assume that risk is not impor- 
tant. 

A major difficulty in incorporating produc- 
ers’ risk behavior in sector supply models is 
the need to aggregate individual utility func- 
tions. This would not be troublesome if utility 
were measured in a cardinal way, but one of 
the strengths of the expected utility theory is 
that it is based on ordinal preference indices. 
These preference indices are only defined up 
to linear transformations, and cannot strictly 
be added over individuals. This restriction is 
more serious for some decision criteria than 
others. Quadratic utility functions for income 
cannot be added, so there is little point in 
eliciting parameters from individual farmers 
for these functions if the overall purpose is to 
build a sector model. 

On the other hand, the 8 and @ parameters 
inthe E — 8V and E — $o decision criteria are 
invariant to linear transformations in the un- 
derlying utility-of-income functions, since 
they are the slopes of the relevant indifference 
curves between E and V or ø. These param- 
eters can be averaged over individuals, as in 
Dillon and Scandizzo. This property makes 
these two decision criteria particularly attrac- 
tive for sector modelling. 

Another consideration is the need to aggre- 
gate risk preferences in ways that ensure that 
the marginal cost of risk in the aggregate sup- 
ply is equal to the sum of the marginal risk 
costs for individual producers. Interfarm 
covariances in prices and yields can affect 
aggregate measures of risk, and failure to re- 
move these covariances will lead to biased 
estimates of aggregate. supply response. In 
mathematical programming models inappro- 
priate aggregation procedures will lead to pro- 
duction solutions that are optimally diversified 
across farms. Such solutions could only be 
implemented by government fiat, and would 
not be consistent with the assumptions of a 
competitive industry (Hazell and Scandizzo 
1974). 

To illustrate this aggregation problem, sup- 
pose all the farmers represented by the model 
adhere to an E — do decision criterion. The 
relevant measure of risk at the aggregate level 
is then or = 2,¢6,;0;, where i denotes the ith 
farm, and ® andT are, respectively, appropri- 
ate aggregates of ¢, and o;. If I is chosen as 
the aggregate risk variable 2,c;, then ® must 
be defined as a weighted average of the indi- 
vidual farm risk parameters, where the 
weights are the risk shares o,/2,0;. 
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Hazell and Scandizzo (1974) developed a 


linear programming method for solving ag- ` 


ricultural sector models to obtain perfectly 
competitive levels of outputs and prices in all 
product markets when producers behave ac- 
cording to an E — BV or E — oo decision 
criteria. Most applications of this method use 
the E — do model, and the value of ¢ chosen 
is typically the value which gives the best fit 
between the model's predicted cropping pat- 
tern and the actual cropping pattern observed 
in some base period. For example, see Hazell 
et al., Simmons and Pomareda, Kutcher and 
Scandizzo. 


Some of the problems of this approach to 
estimating $ have already been discussed, but 
when prices are endogenous to the model an 
additional complication arises. Hazell and 
Scandizzo (1977) have shown that alternative 
assumptions about the way in which farmers 
form their price and yield expectations lead to 
different market equilibria when production is 
risky, and these equilibria must be obtained 
from different sector model formulations. 
They developed sector models to obtain com- 
petitive market equilibria corresponding to 
farmers holding rational revenue expectations 
and to farmers forming independent forecasts 
about prices and yields. In applying these 
models, they obtained results which suggest 


that market equilibrium solutions correspond- 


ing to revenue expectations are more risk effic- 
ient for given levels of $. Selection of a best 
fitting value of B or $ could therefore lead to 
quite different results depending on the kind of 
price and yield forecasting behavior assumed 
in the model. Without knowledge of how 
farmers actually form their expectations, then 
$ remains largely indeterminate. 


Econometric models of aggregate supply 
which incorporate risk behavior are less well 
developed. Reutlinger developed a supply 
model in which farmers are assumed to plan 
on the basis of the game-theoretic minimax 
decision rule. More generally though, risk 
considerations are included in supply func- 
tions in an ad hoc way, and no attempt is made 
to derive these functions from underlying util- 
ity-maximizing behavior. 


Just developed an adaptive expectations 
model in which supply is related to lagged 
expectations in both the mean and variance of 
past revenues. Applications of this model 
show that supply can be quite responsive to 
changes in the variance of revenues. 


Hazeil 


Dynamic Models 


There are several examples of recursive linear 
programming models (for example, Day and 
Singh). These models assume that farmers 
plan one year at a time but that they place 
limits on the extent to which they are willing to 
adjust their cropping patterns each year. 
These limits are incorporated in the model as 
upper and lower bound constraints on the 
cropping activities and amongst other things, 
are assumed to represent a cautious response 
to risk. In practice, estirnation of these bounds 
is entirely artibrary, and there is no apparent 
way to relate them.to direct measurements on 
risk preferences. — 

Proper analysis of investment decisions and 
farm growth requires the construction of mul- 
tiperiod models. These models greatly compli- 
cate the interdependencies between consump- 
tion, production, and leisure decisions for the 
farm household. Even with risk-neutral behav- 
ior, separation of these decisions requires the 
strong assumption of a perfect capital market. 

Boussard (1971) has shown how these in- 
terdependencies can be incorporated into mul- 

.tiperiod linear programming models. He as- 
sumed that the consumption function is linear 
and maximized terminal wealth. But in intro- 
ducing risk, Boussard chose to use focus-loss 
constraints because these do not directly af- 
fect the model's objective function. 

Risk behavior is more easily introduced into 
multiperiod production models in which the 
discounted value of future income is 
maximized. If the probability distribution of 
discounted income can be calculated for each 
farm plan, then expected utility can be 
maximized instead (see chap. 8, Anderson, 
Dillon, Hardaker). With this formulation, 
measurements of single period utility func- 
tions can be used directly. 


Conclusions 


Several methods exist for incorporating risk 
behavior in farm and sector planning models. 
Unless incomes are normally distributed then 
few of these methods use decision criteria that 
can be derived from utility functions for in- 
come that have preferred theoretical proper- 
ties. Nor has much attention been given to the 
conditions under which production decisions 
can be separated from household consumption 
and leisure decisions. But these methods are 
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computationally efficient, and have proved 
useful in a wide range of applications. 

Most methods require knowledge of one or 
more risk-preference parameters. There have 
been several attempts to elicit these param- 
eters directly from individual farmers, and the 
E, V and E, o models have been most exten- 
sively used for these purposes. 

My own view is that direct elicitation of risk 
preferences is not likely to become a wide- 
spread approach. Pragmatic attempts to derive 
risk parameters from observed cropping pat- 
terns seem more promising, particularly if an 
E — oc decision criterion is assumed. In 
constructing sector models, there are also 
difficult aggregation problems which further 
weaken the value of risk parameters elicited 
for individual farmers. 

These conclusions demonstrate the need for 
some new and innovative breakthroughs. I 
suspect these will have to come from econo- 
metric approaches to measuring risk param- 
eters. But let us keep things in perspective. In 
my own applications of the E — ġo model at 
the farm and sector levels, I have often had far 
less difficulty in choosing a reasonable value 
of $ than in obtaining basic data with which to 
estimate o. 
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Empirical Estimation and Use of Risk 
Preferences: Discussion 


Hans P. Binswanger 


In 1976 a number of people present today at- 
tended a conference in Mexico which has 
since then (1978) resulted in a state-of-the-arts 
volume edited by Roumasset, Boussard, and 
Singh on risk, uncertainty and agricultural de- 
velopment. The papers presented today con- 
vey the feeling that since that time there has 
been little progress in measuring risk aversion 
or in discriminating between alternative theo- 
ries of behavior under risk. I will argue that 
this is because the papers concentrate on ap- 
proaches to measurement of risk aversion and 
testing of theories which hold little promise of 
fast progress. Please excuse that I will be 
somewhat partisan in the remarks and rely 
heavily on studies with which I. have been 
involved. I know them best. 


Pope's paper expresses the view that struc- . 


tural models of factor demand and output sup- 
ply behavior under risk will be helpful in the 
future to test alternative theories of behavior 
under risk with econometric procedures. The 
structural models also should be helpful in in- 
terpreting the coefficients of reduced forms 
(which incorporate some measure of produc- 
tion, price, or revenue risk) in terms of behav- 
ioral parameters such as risk aversion or in 
terms of technology parameters, rather than 
using them only for projection purposes. In 
1976, I very much shared this view when 
summarizing the Mexico risk conference, but 
today I am much more skeptical. Research 
since then has uncovered a number of addi- 
tional difficulties, all of which are discussed in 
one way or another in these three papers. In 
order to derive any testable implications of the 
type discussed in the last part of Pope's paper, 
one must make, explicitly or implicitly, as- 
sumptions about several matters. 

(a) The nature of risk: Does risk derive only 
from prices or also from production and/or 
costs? What is the nature of the distributions 
of these risks? 
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(b) Utility: What are the arguments of the 
utility function and what is its form? 

(c) Expectation: Do producers form expec- 
tations on prices and quantities separately or 
on revenues or profits directly? How many 
years is the length of lags involved in forming 
price and risk expectations? 

(d) Risk diffusion: What are the opportu- 
nities in future markets, in insurance mar- 
kets, and can credit markets be used to diffuse 
risks? What other mechanisms of risk diffu- 
sion do farmers have? 

(e) Labor and output market opportunities: 
What are the costs of participating in the out- 
put market? What is the nature of demand in 
the labor market? Can production and con- 
sumption be modeled separately? 

(f) Aggregation rules: How are individual 
behavioral rules to be aggregated into aggre- 
gate demand or supply functions? 

It is of course possible to model explicitly 
and test alternative specifications in any given 
one of these areas, but there are so many 
different ways of maintaining some hypothe- 
ses while testing others that this is an arduous 
route. Moreover, we know from the literature 
on rational expectations (Eckstein) that many 
alternative specifications will lead to similar, 
or even identical, reduced forms; so that dis- 
crimination among alternatives will be exceed- 
ingly difficult, especially with single, short, 
time series. 

Pope's paper recognizes these difficulties, 
especially in regard to alternative specifica- 
tions of risks and of utility functions, but he 
glosses over the enormous problems which 
result from this for the structural econometric 
approaches. 

Robison's paper first discussed the enor- 
mous difficulties encountered by previous re- 
searchers in using actual farming decisions to 
test the subjective expected utility (SEU) 
model. Such tests usually use programming 
approaches to describe behavior, the technol- 
ogy, and the nature of the risks. They en- 
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counter all the problems of the econometric 
approaches: In order for the comparison of a 
predicted decision (i.e., a farm plan) with an 
actual one to constitute a test, the model must 
specify precisely all the elements (a)-(e) 
above. In addition, one must choose numeri- 
cal magnitudes for all parameters of the tech- 
nology and the behavioral relations.! These 
are even more exacting requirements than for 
the econometric approach to testing utility 
theory. 

Given the difficulty faced when we test theo- 
ries of behavior under risk and of measuring 
risk aversion with real-world decisions, how 
then should research proceed? Are experi- 
mental approaches capable of providing an- 
swers more quickly? Robison considers a few 
"experimental" studies in agriculture which 
are all based on hypothetical choices and men- 
tions Kahneman and Tversky's very brief re- 
view of a rich experimental psychology litera- 
ture aimed at testing the axioms of the SEU 
model. More complete reviews of that litera- 
ture are available (Luce and Suppes, Grether, 
Grether and Plott), and I cannot hope to make 
up here for the lack of review in Robison's 
paper. Suffice it to say that this literature has 
its problems too; it often comes to inconclu- 
sive results, for example, on the existence, 
extent, and stability of probability prefer- 
ences. On the other hand it appears frequently 
to reject the axiom of transitivity of individual 
preference orderings, even in tests with fairly 
substantial monetary rewards (Grether and 
Plott). 

The advantage of experimental studies, of 
course, is that, rather than making assump- 
tions about the features (a)-(f) above, one can 
design experiments where many of the fea- 
tures are under the control of the experi- 
menter, and where it is therefore easier to 
focus on testing subsets of the assumptions of 
the theory than with alternative approaches. 

I initiated experimental studies on risk 
aversion in India in 1977, in relative despair 
after colleagues and I had spent a full year 
trying to measure risk aversion with the 
Dillon-Scandizzo interview method but had 
failed to find replicable results. Experiments 


! Hazell implies that a risk aversion parameter can be estimated 
via programming models by selecting that parameter which results 
in cropping patterns close to observed ones. This is the case only if 
there are no specification errors anywhere in the model and if all 
parameters, except for risk aversion, have been correctly chosen. 
This is most unlikely ever to be the case. 

? Hazell is concerned about the fact that risk aversion measures 
in Dillon and Scandizzo differ for individuals in different social 
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were then carried out with significant and large 
outcomes. Similar experiments were carried 
out by Sillers in the Philippines, Grisley in 
Thailand, and Walker in El Salvador. 
Binswanger and Sillers give a brief compara- 
tive summary of the results so far achieved, 
which indicates the following: 

(a) Farmers in developing countries are al- 
most universally risk averse when confronted 
with prospects with significant outcomes. 
Both risk neutrality and extremes of risk aver- 
sion are rare. Thus, at high levels of payoffs 
most individuals exhibit intermediate or mod- 
erate risk aversion. 

(b) At low payoffs a substantial proportion 
of individuals exhibit risk neutrality. But at 
low payoffs and/or in practice rounds, results 
can be quite noisy when conducted with small 
sample sizes. 

(c) As payoffs rise, absolute risk aversion 
declines sharply, partial risk aversion rises 
slowly, and relative risk aversion decreases 
rather than increases, as Arrow had hypothe- 
sized (Binswanger 1981, Sillers). 

(d) As wealth rises, partial risk aversion in- 
creases only modestly. 

(e) When game formats simulate real loss- 
es, individuals are more risk averse than for 
games which result in no real losses. But the 
extent of extreme risk aversion does not rise in 
experiments with real losses (Sillers). 

(f) The assumption of asset integration, 
whereby individuals evaluate new prospects in 
terms of their final impact on wealth states, 
has to be rejected (Binswanger 1981, Sillers). 

(g) All safety-based models: of behavior 
which make predictions about response pat- 
terns in the experiment are inconsistent with 
the observed experimental results. This 
includes safety-based models with and without 
income integration (the analogue of asset in- 
tegration for utility theories) and lexicographic. 
rules. Several safety based models fail to 
make any predictions whatsoever (Binswanger 
1981). 

(h) Sillers failed to find probability prefer- 
ences in the only test carried out with farmers. 

(i) Measured risk aversion coefficients have 
been shown to be related in the expected way 
to farmer investment decisions in regression 
analysis (Binswanger et al.). 





classes. This is not worrisome, however, since every local mea- 
sure of risk aversion on a utility function would differ according to 
wealth unless very restrictive utility functions are chosen. What 
worried me is not that feature but the lack of replicability of the 
measures for the same individuals over short periods of time. 


Binswanger 


The results are far clearer than for many 
experimental psychology studies. This, I be- 
lieve, is accounted for by the fact that payoffs 
were significant and varied dramatically over 
the gain sequence (by a factor of up to 100).? 
Most testable propositions derive from the lat- 
ter feature of the experiments. 

There is no question in my mind that power- 
ful tests of additional assumptions of existing 
or new theories of behavior under risk can be 
designed and parameters estimated. In par- 
ticular, it is possible to design reward systems 
which will pay people according to how accu- 
rately they predict future events, such as 
prices, yields, or revenue. Thus, much of what 
is treated in econometrics as unobservable 
variables can be made observable in experi- 
ments. Hypotheses about expectation forma- 
tion could then be tested with relatively simple 
multivariant methods using observed ‘‘unob- 
servables."' 

Let me also dispel the notion that experi- 
mental costs are high. The Indian experiment 
could be repeated in the United States (with 
some new money savings features) for roughly 
$100,000 to $200,000 of prize money plus the 
costs of carrying out and analyzing the exper- 


iments, maybe another $100,000. Many re-. 


search projects in economics nowadays cost 
as much or more, especially if the cost of the 
analyst’s time is included in running endless 
regressions or building programming models. 
And alternative approaches will simply not 
provide the answers which we are seeking in 
the forseeable future. 

Finally, it is important to realize that exper- 
iments cannot be expected to provide answers 
to all questions. Furthermore, the experimen- 
tal psychology literature presents clear evi- 
dence that it is as easy to misspecify an exper- 
iment or misinterpret its results as for econo- 
metric or programming studies. Nevertheless, 
the casual treatment of experimental methods 
in the papers of this session and in the profes- 
sion as a whole is unwarranted. 


3 Experimental psychology research has most frequently asked 
hypothetical questions or given very small rewards for very many 
questions. I have not yet seen any studies incorporating variations 
in payoff scales. 
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Empirical Estimation and Use of Risk 
Preference: Discussion 


Terry Roe 


These remarks are directed at issues that 
came to mind when reading Hazell’s paper, 
which arrived in time to allow for reading and 
thinking. My major focus is on the importance 
of obtaining insight into the agent's risk pref- 
erences and personal beliefs as to the likeli- 
hood of uncertain outcomes. I conclude with 
questions relating to modeling risk in sector 
and firm-household models. 

Bernoulli's principle—or as it is otherwise 
known, the expected utility theorem—is a 
premise underlying much of the research on 
and models of decision making in a risky envi- 
ronment, an environment where an agent 
makes choices based on personal beliefs of the 
likelihood of uncertain outcomes. When deci- 
sion making is viewed in this context, there 
are two related components that need em- 
phasis. One involves the nature of an agent's 
preferences, which can be expressed as a car- 
dinal (indirect) utility function. Hanoch and 
others have shown the restrictions on an 
agent's indifference map for goods and ser- 
vices that are implied by selected types of risk 
aversion. These restrictions are especially im- 
portant when modeling risk behavior in 
sector-wide models with endogenous prices 
and when attempting to account for risk be- 
havior in models of the firm household. 

The second component involves the agent's 
personal beliefs about the occurrence of un- 
certain events. Bayes’ theorem and the vari- 
ous forecasting models based on the theorem 
(Anderson and Moore) are often used to ex- 
plain how agents update their beliefs. Psycho- 
logical research on decision making under un- 
certainty has raised serious questions about 
this approach (Musser and Musser). 

Within this context, it is my view that (a) 
considerable effort during the last several 
years has been expended to obtain insight into 
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an agent's preferences, with findings that by 
and large suggest risk averseness; (b) while 
the conceptual literature on the formation of 
expectations is quite extensive and includes 
theories of rational and adaptive expectations 
(Sargent), few approaches have attempted to 
measure the influence of cognitive factors and 
information availability on the formulation of 
beliefs; and (c) little effort has been expended 
to measure empirically both the effect of an 
agent's preferences and beliefs on observed 
enterprise choices in the same problem set- 
ting. 

Value to extension agents and policy 
makers lies in knowing the effect of both pref- 
erences and beliefs on agent choices. Knowl- 
edge of preferences provides insight into the 
demand for alternative ways to diversify or 
otherwise avoid risk. While risk preferences 
might to some degree be associated with age 
and education, policy instruments are not 
likely to have any direct effect on preferences. 
However, the second component, agents' 
beliefs, can be affected by market imperfec- 
tions and are amenable to change by govern- 
ment intervention. The formulation of beliefs 
is a cognitive process. As such it can be influ- 
enced by formal education, experience, exten- 
sion activities, and the contents and cost of 
information (a major market imperfection in 
LCDs) that serve to improve and reduce un- 
certainties in the means-ends, cause-effect 
calculus of the decision-making process. This 
influence can be viewed as a learning process 
where subjective expectations of uncertain 
events become increasingly more consistent 
with realizations. 

Failure to account for both the preference 
and belief components of the problem can lead 
to specification bias in behavioral models. 
Risk specifications in optimization models, as 
Hazell points out, tend to yield results in 
closer agreement with observations than op- 
timization models without risk specifications. 
However, the majority of these models have 
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emphasized the risk preference component of 
the model specification problem relative to 
showing the consistency between the formula- 
tion of beliefs and the specification of risk 
indices. An exception includes the contribu- 
tions cited by Hazell where risk behavior is 
specified in a model with endogenous prices. 
In this case, explicit statements are required 
on the process by which agents form their 
expectations. Other exceptions include Just; 
recently Pope (1981) has shown the effects on 
supply response of dispersed price expecta- 
tions. 

Empirical insight into these structural issues 
can be obtained through the direct elicitation 
of risk preferences and subjective probability 
distributions (Hogarth). While the insight ob- 
tained from the direct elicitation approaches 
can be valuable to either improving upon the 
specification of risk in optimization models or 
in providing insight into the direction of spec- 
ification bias inherent in these models, I share 
Hazell's view that the direct elicitation of risk 
preferences is not likely to become a wide- 
spread approach. In addition to the problem 
mentioned by Pope and Hazell, it is my view 
that these approaches are costly in terms of 
the time and resources required to elicit pref- 
erences over any reasonable-size sample of 
agents. Further, if the elicitation process is 
based on a game situation or if agents are 
asked to choose among a set of risky prospects 
that either do not reflect or bear little relation 
to the risky prospects they perceive to face in 
their enterprise choices, then, in my view, it 
remains to be shown whether the behavior 
implied by the results of these methods is con- 
sistent with, or can otherwise explain, the 
choices agents actually make. 

Econometric approaches where models are 
fit to data on observed behavior, in my view, 
show promise of obtaining insight into both 
the risk preference and belief components of 
the problem. Contributions in this area include 
Moscardi and de Janvry, Roe and Nygaard, 
and Pope (1978, 1980), who has shown the 
implications of expected utility theory on re- 
strictions relevant to reduced form econometric 
models. Moscardi and de Janvry obtained es- 
timates of farmers’ risk preferences by 
substituting the level of input usage into esti- 
mates of expected marginal value product and 
factor cost, from which risk aversion coeffi- 
cients were computed as a residual. One of the 
several problems with this approach is that the 
expected marginal values product is not the 
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farmer's subjective estimate. Instead, esti- 
mates of the marginal product are obtained by 
regressing observed yield on input variables. 

Roe and Nygaard, in a study of Tunisian 
farmers, and Tubpun, in the case of farmers in 
Thailand, have attempted to improve upon 
this approach by estimating, at the time of 
seed bed preparation, farmers' subjective 
forecasts of their expected harvest yields, 
conditional on the inputs they applied and ex- 
pected to apply throughout the remainder of 
the growing season. Data on observed yields 
were also collected at harvest. In both studies 
the estimates of farmers' risk preferences, 
based on their subjective forecasts, appeared 
to yield more consistent results than the risk 
preference estimates derived from actual har- 
vest yields. A comparison of farmers’ yield 
forecasts with realized yields provided insight 
into the accuracy of their subjective beliefs. In 
the case of new seed varieties, farmers' choice 
of inputs tended to be influenced to a larger 
extent by their beliefs than by their risk pref- 
erences. These studies illustrate the useful- 
ness of obtaining insight into both risk prefer- 
ences and beliefs. 

Pope's contribution is, in my opinion, an 
important step in the use of econometrics to 
obtain insight into the effects of preferences 
and beliefs on factor demand and product sup- 
ply. The application of this approach to a re- 
stricted class of utility functions is not neces- 
sarily straightforward, however. For instance, 
Pope shows that the factor demand and supply 
equations implied by a class of utility func- 
tions have the moments of the distribution of 
the random variable as arguments. In princi- 
ple, these moments are not observable if they 
are formed by the agents' cognitive process at 
the time input and output decisions are made. 
Hence, in my view, explicit hypotheses must 
be stated as to how agents formulate their 
expectations. These hypotheses will almost 
certainly add a dynamic dimension to the 
problem. In any case, these hypotheses may 
then be tested when the reduced form equa- 
tions are fit to the data. This should provide 
insight into market performance, since welfare 
implications of market equilibrium under risk 
depend on how agents formulate their expec- 
tations. 

Finally, the specification of risk-averse be- 
havior in sector and firm household models 
raises questions of consistency that, in my 
view, need more attention than they have 
received, in spite of the computational advan- 
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tages of E, V models. For instance, in the case 
of constant relative risk aversion, constant ab- 
solute risk aversion, and quadratic utility func- 
tions, the results of Hanoch and Stiglitz show 
that the level of risk aversion is not indepen- 
dent of price changes. Their results also indi- 
cate that the direct utility function is homo- 
thetic in the case of constant relative and con- 
stant absolute risk aversion. Under special 
circumstances, the direct utility function is 
also homothetic in the quadratic risk prefer- 
ence case. The first result raises the question 
of whether the risk aversion parameter 
(Hazell’s 8 and $) in optimization models with 
endogenous prices is invariant to price 
changes. If a second-order Taylor series ap- 
proximation of the utility function is chosen, it 
seems to me that we still face the question of 
whether the approximation is independent of 
price changes. If the risk aversion parameter is 
not independent of price changes, then it is 
possible for a different value to exist for each 
optimal solution to the sector model. 

In the case of firm-household models, 
Hazell pointed out that if risk is introduced 
through an expected utility framework, then 
separation of production and consumption 
decisions does not necessarily hold. Even if 
the conditions under which separation holds 
are stated, the use of an expected utility 
framework which implies one of the above- 
mentioned types of risk aversion also will 
imply homothetic preferences. Homothetic 
preferences generally are not consistent with 
observations that, for low income agricultural 
households in LDCs, relative expenditure 
shares change as disposable household income 
increases. 

In my opinion, we are only in the initial 
phase of distinguishing acceptable approaches 
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to these problems and to obtaining insights 
into the economic welfare implications they 
imply. 
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Bapna, S. L. Aggregate Supply Response of Crops in a 
Developing Region. New Delhi, India: Sultan 
Chand & Sons, 1980, x + 164 pp., Rs 45.00. 

The analysis of aggregate supply response is a criti- 

cal exercise for the policy-oriented economist in- 

terested in the developing world. S. L. Bapna has 
provided a worthwhile example of this research 
form. Using a time series of aggregate agricultural 
production from the Indian district of Ajmer, the 
author explores issues of acreage and yield re- 
sponse, the impact of weather on production, and 
the variable response of traditional and transitional 
agriculture. If this work had been done twenty 
years ago, it would have contributed greatly to the 
new thinking about developing farmers' rationality. 

The results today are not surprising, but they can 

play a role in evaluating policy for developing ag- 

ricultures. 

There are two main empirical findings: the elas- 
ticity of aggregate agricultural supply in the Ajmer 
region is about .24, with yield response accounting 
for more than 7596 of the total; there is no sig- 
nificant difference in aggregate response between 
changing and traditional agriculture. Additional in- 
teresting information is given about the specifica- 
tion of rainfall and technology variables in supply 
equations. 

Unfortunately, after deriving these results, 
Bapna devotes only a paragraph in the last chapter 
to their policy implications. At the profession's cur- 
rent level of understanding, the most interesting 
discussions should be about policy and not about 
the mechanics of supply analysis. 

An additional drawback to the text is its style. It 
reads too much like a dissertation (on which it was 
based) with the obligatory definitions of elasticities 
and an entire chapter devoted to a chamber of 
commerce type description of Ajmer and its agricul- 
ture. On the positive side of this style issue, how- 
ever, one finds complete regression results and data 
series in the appendices. Bapna's results can be 
verified and expanded upon because of this 
thoughtful inclusion, too often missing in other re- 
search monographs. 

Aggregate Supply Response would not be appro- 
priate as a text in a production economics course; it 
is instead a careful piece of empirical research that 
adds to currently accepted thought about the re- 
sponsiveness of farmers in developing countries. 
Most graduate students working in this area would 
find much in this book to guide them through their 
own empirical efforts. One can hope that Bapna's 
next book will go beyond the technical discussion 
of supply and address more fully the implications 
that follow from the various estimates. 

Todd E. Petzel 

Stanford University 


Brandt, W. North-South: A Program for Survival. 
Cambridge MA: MIT Press, 1980, 304 pp., 
$4.95. 

Sewell, John W. The United States and World Devel- 
opment: Agenda, 1980. New York: Praeger Pub- 
lishers, 1980, 242 pp., price unknown. 

North-South: A Program for Survival is the report 
of an International Commission, chaired by former 
West German Chancellor Willy Brandt, comprised 
of representatives of ten developing countries and 
seven developed countries. The United States and 
World Development: Agenda, 1980 is a staff report 
of the Overseas Development Council (ODC), an 
independent,  policy-research, consulting and 
lobbying group concerned with U.S. development 
policy. These reports are quite similar. In many 
places the ODC report quotes the Brandt report, 
and many of its recommendations are explicitly 
based on that report. 

Both reports take the ‘‘enlightened self-interest” 
approach to selling increased international support 
for developing countries. The Brandt report uses 
the increased interdependence, ‘‘one-boat’’ argu- 
ment; the ODC report used the ‘‘increased U.S. 
exports" and ''increased political stability” argu- 
ments. Both reports take the basic-needs view and 
call for greater international committment to devel- 
opment. Both reports are aimed not only at policy 
makers but also at improving public opinion. 

The Brandt report focuses mainly on interna- 
tional measures for improving development pros- 
pects. It devotes only one chapter to discussions of 
domestic structural change. The ODC report is a 
little more evenhanded in both tone and substance, 
but its main focus still is on what the developed 
world can do for the developing world rather than 
on what the developing world can and must do for 
itself. 

The policy recommendations of the Brandt report 
provide a large, somewhat undifferentiated shop- 
ping list. As a result, one can find support in the 
report for almost any policy, ranging from radical 
restructuring of domestic and international eco- 
nomic and power relationships to policies (such as 
international grain reserves and' commodity price 
stabilization) which, if pursued, would surely rein- 
force the existing distributions of wealth and politi- 
cal power. 

The need to redress past imbalances between 
industrialization and rural development is stressed 
in both reports. A tripling of international assis- 
tance to agriculture and a 50% increase in agricul- 
tural investment from domestic sources are rec- 
ommended. Both endorse the recommendations for 
tenurial reforms of the 1979 World Conference on 
Agrarian Reform and call for supporting packages 
of increased credit, agricultural extension, fer- 
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tilizer, and research. International commodity and 
price-stabilization agreements, grain reserves, and 
liberalization of trade in food and other agricultural 
products are recommended in both books. 

Both reports stress greater employment creation 
in industry and the role of international trade and 
industrial exports in employment creation. Devel- 
oped nations are called upon to undertake the nec- 
essary internal structural readjustment policies re- 
quired to absorb increased LDC imports. The 
Brandt report does not call for shifting emphasis in 
developing countries toward labor-intensive indus- 
tries and processes of production, while the ODC 
report does. As a result, the section on industrial 
policies is the weakest part of the report of the 
Brandt Commission. 

The major '"'radical' recommendations of the 
Brandt report deal with development finance. The 
Commission recommends: a system of universal 
revenue mobilization including developing coun- 
tries on a sliding scale; an increase of official devel- 
opment assistance from OECD countries; and au- 
tomatic revenue transfers based on taxes on "'inter- 
national trade, arms production or exports, interna- 
tional travel, and the global commons, especially 
seabed minerals.” The latter category consists of a 
grab bag of internationally moving goods and 
people and some pet peeves. In addition, the Com- 
mission calls for a reassessment of the ‘‘condition- 
ality’’ of International Monetary Fund lending and 
for a doubling in the current ratio of lending to 
capital of the World Bank. The ODC endorses most 
of the international finance recommendations of the 
Brandt report but is more modest in its numerical 
targets for increased aid. 

The Commission also recommends the estab- 
lishment of a new international financial institu- 
tion—a World Development Fund—to supplement 
the World Bank and to remedy two complaints that 
developing countries have about the World Bank: 
too little participation in decision making and man- 
agement and little, if any, program (i.e., uncondi- 
tional) lending. (The ODC does not follow this last 
recommendation.) 

In summary, both reports are good reflections 
of the liberal/establishment—radical, reformist 
perspective on national and international develop- 
ment policies and restructuring with which I would 
ally myself. Were I to write such a report, I would 
put somewhat greater emphasis on structural 
change within developing countries. Unlike either 
report, I would also recommend conditionality of 
international flows upon domestic commitment to 
poverty eradication and avoidance of at least gross 
violations of human rights. But, then, I do not have 
to reflect the varied political interests and view- 
points of an International Commission or to 
influence the U.S. Congress. 


Irma Adelman 
University of California, Berkeley 


Amer. J. Agr. Econ. 


Gardner, Bruce L. The Governing of Agriculture. 
Lawrence: The Regents Press of Kansas, 1981, 
xii + 140 pp., $8.90 paperback. 
Gardner's theme in this short, analytical book is 
never in doubt: ‘‘The search for solution to agricul- 
ture's problems through governmental intervention 
has been and will continue to be a costly delusion”? 
(p. 130). The solution? Phase out major parts of 
current farm commodity programs and ease into 
market approaches. 

Drawing upon 1978 farm income and asset data 
and 1975-77 IRS data, Gardner concludes that, on 
average, after-tax income of farm families is proba- 
bly no less than that for nonfarm families. For those 
rural-farm families who are in poverty (14% by 
Census definition in 1975-77), commodity programs 
by their very nature offer no solution. 

Chapters 2 and 3 consist of brief, analytical de- 
scriptions of the principal instruments by which 
commodity and regulatory policies are adminis- 
tered. The treatment of commodity programs is in- 
cisive and insightful—a useful contribution to those 
wishing to understand the essential economic pa- 
rameters and functions of the programs without the 
clutter of laws dating from the 1930s. 

The heart of the book is in chapter 4, in which 
Gardner examines the public interest in agricultural 
policy: ‘‘When a policy generates gains to some and 
losses to others, it is in the public interest only if the 
gains are greater than the losses” (p. 64). He esti- 
mates that for 1978/79 net social losses (gains to 
producers less losses to consuraers and taxpayers) 
of support programs for major crops totalled $1.5- 
2.0 billion. The longer-run distribution of gains ($6.4 
billion in 1978/79) from supply-restricting commod- 
ity programs devolves primarily to owners of 
land—a class of which there is even less justifica- 
tion for income transfers than for relatively well-off 
commercial agricültural producers, according to 
Gardner. 

Gardner marshalls his facts and builds his case in 
a skillful, selective way employing neoclassical 
economic theory as his analytical framework. On 
the whole his estimates and judgments are plausi- 
ble. But it must be recognized, as does Gardner 
himself, that his assumptions are at times ''sweep- 
ing," and his omissions substantial. For example, 
costs of externalities are not explicitly incorporated 
into his estimates. I agree that measurement and 
evaluation of externalities are difficult, but I do not 
dismiss their importance in commodity policy is- 
sues as readily as does Gardner. Nor would I dis- 
miss so easily as he does the distributive issues 
between consumers and producers. 

If commodity programs have resulted in sig- 
nificant net social costs and are ineffectual for an- 
tipoverty purposes, and if the gains have accrued 
primarily to a small, relatively well-off group 
(commercial producers and landowners), are there 
other grounds which warrant government interven- 
tion in agriculture? In a limited way, answers Gard- 
ner. 
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His prescriptions include a gradual phasing-out of 
supply-restricting commodity programs in favor of 
greater use of futures markets and repeal of legisla- 
tion prohibiting options markets for agricultural 
commodities. In lieu of government-managed farm 
income stabilization. schemes through complex 
storage and loan programs, Gardner suggests that 
the use of commodity options markets ‘‘would be 
an excellent substitute for ... current farm pro- 
grams for grain, rice and cotton’’ (p. 9). But Gard- 
ner also favors an explicit government stockpiling 
policy to help stabilize consumer prices, ensure 
supplies for food aid purposes, and forestall mac- 
roeconomic dislocations from variable agricultural 
production. For this purpose government itself 
could enter the options markets to acquire grain for 
storage or foreign aid commitments. 

Recognizing ''that the market as an institution 
has often malfunctioned in the face of the uncer- 
tainty and complexity of agriculture" (p. 118), 
Gardner prescribes certain other government ac- 
tions including effective antitrust policies rather 
than producer monopolies to deal with problems 
related to concentration of economic power; public 
market information systems and research; less 
market regulation related to transportation, public 
health, labeling, etc.; macroeconomic policies to 
control inflation; negotiations with foreign govern- 
ments to facilitate trade. 

Gardner's analyses and recommendations de- 
serve serious attention. Public support for current 
complex and costly commodity programs is wan- 
ing. Their defense in the legislative and budget 
committees of the Congress has become increas- 
ingly difficult and less credible. I am much less 
sanguine than Gardner concerning the merits of 
commodity futures and options markets for income 
stabilization purposes. One of my principal reserva- 
tions concerns accessibility of reliable, timely in- 
formation required for effective and equitable use 
of those devices. Even larger commercial farmers 
could find themselves disadvantaged in access to 
such information. 

Gardner has treated his subject in a careful, 
analytical, scholarly manner. He does not hesitate 
to draw judgments from admittedly thin data and 
simplifying assumptions. His ‘free market’’ values 
from the Chicago school are clearly evident and 
shared unabashedly. We need more such critical, 
well-reasoned policy studies. 


Kenneth R. Farrell 
Resources for the Future 


Khan, Mahmood Hasan. Underdeveloped and Agrar- 
ian Structure in Pakistan. Boulder CO: 
Westview Press, 1981, xviii + 308 pp., $22.50. 

In his widely acclaimed book on Islam in four coun- 

tries, V. S. Naipaul asks rhetorically of Pakistan, 

"Wouldn't it have been better for Moslems to trust 
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less to the saving faith and to sit down hard- 
headedly to work out institutions?” The Khan book 
under review here shows how flawed some of these 
resulting institutions are in fact. 

Indeed, while the transition from feudalism to 
capitalism is occurring rapidly, most recently pro- 
pelled by the green revolution, the result is a more 
polarized society. The land reforms of 1959 and 
1972 accomplished little; or perhaps better said, 
their modest effects were quickly swamped by the 
much greater force of new technology, increased 
exposure to markets, greed of the upper classes and 
powerlessness of the lower, participation in irriga- 
tion schemes given by the government to civil and 
military bureaucracies, and so on. Rich peasants 
and landowners are major beneficiaries of rising 
agricultural prices and public spending. 

More specifically, Khan demonstrates that there 
are three salient features of Pakistan's bipolar agrar- 
ian structure in the Indus basin which make possi- 
ble this uneven distribution: (a) To a greater extent 
in Sind than in the Punjab, there is a high concentra- 
tion of landownership, and landowners are often 
absentee. Their land is often leased out in small 
plots to landless sharecroppers. (b) Feudal tenancy 
has declined in much of the irrigated Punjab and has 
given way to commercialized agriculture based on 
hired labor and machines. There is, argues Khan, a 
substantial recent resumption of land by landlords. 
In some areas small plot holders are leasing out 
their land to rich peasants and landowners. In this 
manner, some owners become hired workers on 
their own land. Statistics show a marginal reduction 
in landownership concentration lately, but that op- 
eration is becoming more concentrated. (c) Not- 
withstanding the former, there are growing num- 
bers of small plot owner-operators, and this results 
from the development of more commercial relation- 
ships within agriculture, high population growth, 
and land reforms. 

Based on goals of equity and efficiency, Khan 
recommends a land reform which would place 
lower ceiling limits than the present ones—50 and 
100 acres in the case of individuals and families, 
respectively, in irrigated regions, and 75 and 150 
acres in rain fed regions. Limits would apply to 
ownership and operational holdings and make pos- 
sible the acquisition of 5 million acres in the Punjab 
and Sind (more than twice the area resumed by the 
government in both land reforms). Beneficiaries 
would be landless sharecroppers and marginal plot 
peasants and would total between about 511,000 
and 644,000 new owners. 

Concurrently, because of the tendency to frag- 
mentation, a floor will have to be set; tenancy will 
have to be regulated (all who need land will not be 
able to get it because of population pressure); ser- 
vices will have to be provided to the new land- 
holders; administration of the reform will have to 
be streamlined and decentralized; an allowance for 
promoting peasant organization will have to be 
made; current land fragmentation will have to be 
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corrected; and a progressive land and income tax 
will have to be designed. In this plan production 
should not suffer because evidence shows that 
small ownership and operatorship units have higher 
per acre productivity. 

These last chapters of the book on land and tax 
reforms take on a rather unreal, almost utopian 
character, given Pakistan's history and the recent 
experiences of other Asian and Latin American 
countries. Each time *'consolidation of fragmentary 
plots" is mentioned, for example, the question, 
“Where do displaced peasants go?” should be ad- 
dressed. Each time ''popular participation" comes 
up, the question, ‘‘How is this possible given the 
current military government?" should be an- 
swered. That these problems—and many more like 
them—are not tackled in the book is no real sur- 
prise because there seem to be no good solutions. 
But those who work on agrarian structure in the 
coming decade will have to do more than repeat the 
old policy prescriptions, which have sounded pretty 
much the same for the last fifteen or twenty years 
regardless of country. 

Khan, Carl Gotsch, and Keith Griffin agree that 
the last fifteen or so years have added to the polar- 
ity of Pakistan's agrarian structure. Meanwhile, 
Chaudhry's study of two years ago concludes that 
income distribution became less skewed between 
1960 and 1972 (p. 188). Part of the difference flows 
from the primacy Khan assigns to the operatorship 
over the ownership concept, the opposite ordering 
to the one Chaudhry utilizes. 

Pakistan is to Islam what Israel is to Judaism. 
And, like Israel, Pakistan was also created out of 
the dissolution of the British empire and is the 
product of mass migration. The problem is that, by 
comparison, Israel's institutions seem flexible, 
adaptable, and resilient, while, according to 
Naipaul, ‘‘out of its Islamic striving, Pakistan has 
undone the rule of law it inherited from the British 
and replaced it with nothing.” Exaggeration? Prob- 
ably. But Khan's study of agrarian institutions 
takes on more meaning when read against the tex- 
tured backdrop designed by Naipaul. 


William C. Thiesenhusen 
University of Wisconsin 
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The authors define impact as “the phenomenon of 
rapid change in established economic, demo- 
graphic, and social structures, usually geograph- 
ically localized, caused by large-scale, precipitous 
growth or decline in an area's economic base" 
(p. xiii). The types of impacts for which the authors 
develop assessments (resulting in a separate chap- 
ter for each assessment) are those of the social, 
economic, demographic, public service, and fiscal 
changes resulting from resource developments. A 
consistent framework is used in developing the as- 
sessments and constitutes the subheadings for each 
of the five assessment chapters. This framework. 
examines the following topics: (a) the conceptual 
basis of the alternative methods used in the given 
area of impact assessment; (b) the key impact and 
policy decisions of the given impact; and (c) the 
actual projection techniques employed in current 
impact assessments. In addition to the five assess- 
ment chapters, separate chapters cover the areas of 
interfacing socioeconomic dimensions, comput- 
erized impact projection models, use of assess- 
ments in the policy process, and the usual introduc- 
tion and summary. 

The authors have done an exceptional job of re- 
viewing the literature in this relatively new socio- 
economic area of impact assessment and include a 
twenty-five-page bibliography. As one of the first 
attempts to organize the material of socioeconomic 
impact assessments, the authors have used a rather 
rigid framework which enhances its readability but 
limits creativity in comparing tbis area with other 
areas of social science research, such as benefit- 
cost analysis or regional growth and development. 
One is left with the impression that the authors have 
geared the book to those interested in a single 
source reference for preparing environmental im- 
pact statements under the National Environmental 
Policy Act. The intended audience, of course, is 
much broader than this; and many professionals at 
local, state, and national agency levels would ben- 
efit from the state-of-the-art reviews. The book is 
unique within our own profession for combining 
materials from sociology, demography, regional 
growth, as well as economics, to form a complete 
and total assessment of a resource development 
project. 

The impact assessment chapters, in general, are 
excellent. Discussing the impacts as separate com- 
ponents leads to much repetition among the chap- 
ters, but this is probably useful when using the book 
as a reference for a particular impact assessment. 
The economic, demographic, and fiscal impact 
chapters are complete and thorough analyses. The 
public service impact chapter slips into the jargon 
and approach of public service "requirements" 
with the consequent price inelastic assumption. 
This leads the authors to state that ''it is evident 
that many services in rural areas are inadequate” 
(p. iii). The chapter on social impact assessment 
starts out by recognizing that this is an often-ne- 
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glected and ill-defined area of impact assessment. 
This fact is not disputed. However, it is the opinion 
of this reviewer that the authors have not helped the 
cause. The chapter contains many qualifying state- 
ments about why this is a difficult area and includes 
much of the usual sociology jargon on organization, 
conflict, and perception. This is one area where 
examples of completed impact assessments would 
help the reader in visualizing the desired outcome. 

The chapter on interfacing is the lead-in for the 
chapter on computerized impact projection models. 
The latter chapter is an excellent description and 
analysis of some thirteen computerized socioeco- 
nomic impact models. A historical development of 
computerized assessment models is given with all 
of the attendant references. The authors are to be 
commended for their concern to provide numbers 
to local, state, and national officials on which to 
base planning decisions or policy. However, one 
must think that the only results of assessment stud- 
ies are those that come out of a computer model. 
No alternatives are discussed. 

The chapter on use of assessments in the policy 
process fails to point out some of the dangers in 
applying impact assessments. It must be remem- 
bered that impact analysis does not answer the 
question of why the impact. Only the expected re- 
sults of the exogenously determined change on the 
region, state, or city are the purview of impact 
assessments. Impact analysis does not deal with the 
question of whether or not project investment is 
economically or socially desirable. And yet, the 
public and local officials in many instances would 
like to use the results of impact assessments to 
justify or oppose project investment. The com- 
pletely different analytical approach of social ben- 
efit-cost analysis is needed to evaluate the econom- 
ics of project investment. Confusion between the 
two approaches has led local officials to justify pur- 
chasing locally produced goods and services at 
higher prices because the apparent impact is more 
local jobs despite overall project costs well in ex- 
cess of benefits. 


Dean F. Schreiner 
Oklahoma State University 


Note from the Book Review Editor 


'The three reviews which follow all pertain to vol- 
ume 3 of a Survey of Agricultural Economics Liter- 
ature. Basically the same procedures were used for 
reviewing this volume as were used in reviewing the 
first two volumes (see the May and November 1978 
issues of this Journal). Again, three individuals 
were asked to review independently volume 3, with 
the order of the reviews determined alphabetically. 
It was requested that the first review be a little 
longer than the others to include a summarization of 
the contents of the entire volume in one place, 
permitting the other two reviews to concentrate 
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more on evaluative aspects. Thus it is intended that 
the reviews be viewed as a combined set rather than 
individual pieces. 


Martin, Lee R., ed. A Survey of Agricultural Econom- 
ies Literature, Volume 3. Minneapolis: Univer- 
sity of Minnesota Press, 1981, xiv + 653 pp., 
$35.00. 

The Economics of Welfare, Rural Development and 

Natural Resources in Agriculture is the third vol- 

ume of a comprehensive survey of agricultural eco- 

nomics literature covering the post-World War II 

period. The articles in this volume, with one excep- 

tion, make limited reference to pre-1940 literature. 

All have good coverage of literature published 

through 1975 and most through 1978. A postscript 

on one article covers the 1977-80 period. 

The subject areas covered in volume 3 are di- 
verse: part 1, '"The Economics of Rural Poverty"; 
part 2, "Rural People, Communities, and Re- 
gions”; part 3, "Natural Resource Economics"; 
part 4, "Organization and Performance of Agricul- 
tural Markets.” Whereas volume 1 dealt with tradi- 
tional fields and volume 2 with quantitative meth- 
ods, this volume does not have a unifying theme. 
Parts 1 and 2 would be expected to appear in the 
same volume; part 3 tends to have its own domain. 
Perhaps most surprising to the reader will be the 
inclusion of part 4. The subject matter of this part is 
not reflected in the title of the volume and could 
easily have been included in volume i. 

This is a large volume, 653 pages. In sheer size, it 
exceeds volume 1 by 113 pages and volume 2 by 180 
pages. It has the same desirable physical charac- 
teristics of the first two volumes. 

Part 1 consists of a single article coauthored by 
Bryant, Bawden, and Saupe. It begins with a useful 
introductory section which delineates boundaries 
for the article and signals its structure. The authors 
focus on the poverty of people rather than place, 
and they emphasize literature concerning the dis- 
tribution of income and wealth because they believe 
this to be a large part of the rural poverty problem. 

The authors greatly enhance the potential useful- 
ness of their work by providing mini-introductions 
and summarizing paragraphs for each of the major 
sections. They generously share their professional 
assessments in terms of conclusions that can be 
drawn from the literature on a given topic, defects 
that exist, and priorities for further work. 

Bryant, Bawden, and Saupe win the prize in this 
volume for the longest list of references, 75 pages or 
approximately 1,400 citations. 

Part 2 deals with rural development and consists 
of three chapters plus an introductory section by 
Tolley. In the first chapter, Edwards examines the 
"Bases for Regional Growth." This is a com- 
prehensive, detailed survey of the literature on 
economic growth encompassing major contribu- 
tions going back to Adam Smith. The organizing 
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construct is a set of five principles, or theories, 
identified as bases for regional growth: increasing 
resource availabilities, advancing technology, ex- 
panding markets, conquering geographic space, and 
building institutions. The author states that no ef- 
fort is made to synthesize the findings or to assess 
relative importance. Tolley points out that an impli- 
cation of Edwards' work is the need for a fuller 
integration of the five elements (bases). 

Clearly there are limits to what can be asked of an 
author. Nevertheless, I believe that readers would 
have benefitted from the insight that Edwards must 
have gained on relative importance of different ap- 
proaches, ideas on most fruitful avenues to pursue, 
and generally his professional appraisal of the liter- 
ature on economic growth. The reader of this chap- 
ter is advised to read the conclusions section (pp. 
247-52) and Tolley’s introduction before proceed- 
ing to the body of the work. 

The second chapter is titled ‘‘Rural Develop- 
ment: À Review of Conceptual and Empirical Stud- 
ies," by Jansma, Gamble, and Madden, agricultural 
economists, and Warland, a rural sociologist. The 
authors deal quickly with defining rural develop- 
ment and the complex problem of what to include, 
deciding to focus on social and economic aspects, 
the role of organizational and institutional forces, 
and the impact of alternative spacial arrangements. 
They make good use of examples and do an excel- 
lent job of synthesizing what is known and inter- 
preting the current state of rural development litera- 
ture. 

Graves and Clawson coauthored the third chap- 
ter on "Rural to Urban Migration: Population Dis- 
tribution Patterns." An interesting feature of this 
short essay is the presentation of a proposed new 
conceptual foundation for organizing the literature 
on issues related to human migration decisions. 

Part 3, ‘‘Natural Resource Economics, 1946— 
75,” is coauthored by Castle, Kelso, Stevens, and 
Stoevener. This article merits special recognition 
and may well become a classic reference. It offers a 
rare opportunity to view an identifiable field of 
applied economics from the perspective of four in- 
dividuals who are major contributors to the field 
and whose professional careers span the period 
under consideration. 

In the first section, the authors present an intel- 
lectual genealogy of natural resource economics 
Which covers the emergence of land economics and 
the evolution to natural resource economics. Next, 
they review the theoretical and analytical bases of 
the field. Included is a thought-provoking survey on 
how a changing social environment impacts on the 
thinking and activities of agricultural economists. 
Also included is a vignette on the influence of pro- 
duction economists, namely, Heady and Johnson, 
on the development of resource economics. The 
authors proceed to review systematically the sev- 
eral areas of application of natural resource eco- 
nomics and conclude with a valuable section on the 
‘continuing evolution of the field. 
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This article deserves to be included as assigned 
reading in any resource economics course from 
upper level undergraduate through Ph.D. seminars. 

Part 4 is coauthored by Helmberger, Campbell, 
and Dobson and deals with ‘‘Organization and Per- 
formance of Agricultural Markets.’’ The literature 
in agricultural marketing is surveyed from the in- 
dustrial organizational point of view. The familiar 
concepts of structure, conduct, and performance 
are present. However, the application of the indus- 
trial organizational framework of analysis to ag- 
ricultural markets and the use of this framework to 
organize the diverse literature pertaining to agricul- 
tural markets is well done. If not a new approach, it 
is certainly a refreshing treatment. 

Strong features of this article include the em- 
phasis placed on causal relationships and a con- 
scious effort to interpret and evaluate the literature 
reviewed. After presenting the framework for in- 
dustrial organization, the authors deal with compe- 
tition in agricultural markets, the cooperative en- 
terprise, marketing information, grades and stan-. 
dards, market performance in space and time, and 
vertical organization. 

The authors conclude that more attention to ver- 
tical coordination systems is a high priority for bet- 
ter understanding our food and fiber system. Fi- 
nally, on the matter of research progress, the au- 
thors offer an insightful gem: *'The lifelong study of 
futures markets by H. Working [1949], a small note 
on stabilization by Waugh [1944 or 1971], an excel- 
lent industry case study by Nicholls [1941], a simple 
comparison of industry profits with concentration 
ratios by Bain [1968]—these are the stuff of which 
progress is made” (p. 625). 

Editor Lee Martin and the authors of volume 3 
are to be commended for an important contribution 
to present and future agricultural economists. 
Teachers, researchers, and extension educators 
will benefit from having this volume as a ready 
reference. 


David H. Boyne 
Ohio State University 


A Study of Agricultural Economics Literature, 
Volume 3. 


Like the preceding volumes of the postwar litera- 
ture review, volume 3 will be of tremendous assis- 
tance to retrospective searches of the literature by 
providing an organized guide to a large list of sub- 
stantive references. The authors, in preparing their 
survey of the literature, faced three major tasks: 
(a) organizing the literature and their survey in 
some meaningful way, (b) summarizing and cri- 
tiquing the principal findings, and (c) pointing to 
gaps in the knowledge base to which future re- 
search might be directed. The first task of organiz- 
ing the survey effort is the most difficult, particu- 
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larly in subject areas for which there is not a well- 
developed theoretical framework but rather a series 
of clusters of hypotheses. This is precisely the prob- 
lem facing the authors of parts 1 and 2. The authors 
of the various chapters handle this problem quite 
differently and with varying degrees of success. 

Despite the existence of a fragmented theoretical 
base to aid the organization of the literature, the 
authors of parts 1 and 2 have done an exceedingly 
competent job of pulling together the research 
findings of the postwar period and of pointing out 
the deficiencies of that work. With the limited space 
available to a reviewer, it would be unwise to at- 
tempt to summarize the authors' summaries of a 
multitude of research efforts. Instead, this review 
will try to give you a flavor of some of the authors' 
suggestions for future directions of research. 

The authors of the poverty chapter have 
sprinkled their suggestions liberally throughout 
their effort. Key among their suggestions are 
(a) the need to develop a coherent theory that ex- 
plains the determinants of the distribution of in- 
come between generations, (b) the need to develop 
longitudinal data so that life cycle income streams 
can be discovered and used as the basis for estimat- 
ing full or permanent and transitory income in order 
that the permanent poor can be distinguished from 
the transitory poor and appropriate policies de- 
signed for each, and (c) the need to merge the ideas 


contained in the Tweeten-Brinkman attempt at a- 


stagnation theory with the ideas flowing from the 
Schultzian industrial-urban hypothesis to create a 
theory of area poverty. 

The ‘‘Bases for Growth” chapter identifies five 
bases of growth (sets of variables): (a) increasing 
resource availabilities, (b) advancing technology, 
(c) expanding markets, (d) conquering space, and 
(e) building institutions. The author notes that most 
research efforts tend to concentrate on one or two 
bases of growth. He suggests a systems approach, 
indicating that as the ''five analytic bases for 
growth continue to be incorporated in theoretical 
and empirical studies in a fashion which treats all 
with equal potential for explaining growth, it will be 
found that all five interact simultaneously in the 
growth process and that no single one will prove to 
be the exclusive basis for growth." And he adds 
that growth policies will need to be responsive as 
one basis for growth or another presents itself as 
the bottleneck. Finally, the reviewer cannot resist 
the temptation to suggest a careful reading of the 
section of this chapter dealing with building institu- 
tions. It will be helpful, particularly to those most 
comfortable with neoclassical microeconomics 
ideas. 

The chapter on rural development has the most 
difficult problem of organizing the literature. It 
appears relatively unstructured, when in fact it suf- 
fers from excessive structuring. The chapter at- 
tempts to focus on (a) social and economic aspects 
of economic development, (b) the role of organiza- 
tional and institutional forces, and (c) the impact of 
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alternative spatial arrangements. The authors 
superimpose on that structure a division of the lit- 
erature into two parts that deal with the conceptual 
base and with the application of concepts. This 
excessive structuring, combined with a fragmented 
conceptual base, puts an excessive burden on the 
reader in his attempt to relate the conceptual base 
to the empirical work. Overall, this chapter is an 
excellent survey and is strong in its critique of the 
postwar literature. But the suggestions for future 
directions of research are either sparse or subtle, or 
both. 

As one might suspect, there are areas of overlap 
between the Edwards and the Jansma et al. chap- 
ters. The thrust of the latter chapter, however, is 
toward the distribution or equity aspects of growth 
and toward a more micro, or community, level of 
observation. The emphasis on community rein- 
forces the need for criteria for community or re- 
gional delineation. Spatial delineation based on 
functional logic seems appropriate, but the criterion 
of large enough to be economic and small enough to 
Show specific development problems is of little as- 
sistance. Perhaps future research should emphasize 
the criterion of small enough not to mask over de- 
velopment problems combined with a model struc- 
tured to reflect the linkages of smaller communities 
to larger communities with respect to inputs and 
with respect to goods and services. 

The migration chapter suggests that future direc- 
tions of migration research should utilize a simulta- 
neous system reflecting the factors shaping changes 
in the demand for, and supply of, labor. This formu- 
lation is based on the concept of two migration 
triads, one reflecting a perfect spatial information 
and mobility world with instantaneous adjustments 
and an amenity demand emphasis, the other an 
imperfect spatial information and mobility world 
with lagged adjustments and a job search emphasis. 

This review has not considered parts 3 and 4, 
which constitute nearly 4096 of volume 3. But those 
economists concerned with poverty and growth or 
development will find in volume 3 a wealth of 
knowledge and stimulation as they look to the fu- 
ture. 


Lee M. Day 
Cornell University 


A Survey of Agricultural Economics Literature, 
Volume 3. 


Reviewing this volume is a challenging task. The 
authors provide a comprehensive overview of the 
post-World War II literature in the areas reviewed. 
While they undoubtedly overlooked publications 
whose authors believed they should have been in- 
cluded, the authors of this volume can only be 
commended for the generally expert way in which 
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they sifted a great deal of wheat from the chaff that 
has been published in the last forty years. 

This review will proceed by considering each sec- 
tion of the book in turn. The reviewer makes no 
claim for even treatment of all sections because of 
his own limitations and because of the varying 
lengths of the several sections. Some overall obser- 
vations will conclude the review. 

In part 1, some of the urban bias in poverty 
programs is attributed to the failure of the agricul- 
tural economics profession in providing timely and 
comprehensive research to inform policy makers of 
the nature of rural poverty. This indictment is later 
extended to the other social sciences. While I ex- 
pect that agricultural economists do deserve some 
of the blame, that blame must also be shared by 
those who fund social science research and who 
have preferred that agricultural economists work 
with the traditional clientele groups. 

An erroneous statement appears on page 18, 
where the authors cite a proposed definition of pov- 
erty as "those whose income is below one-half of 
the income of the median family'' and indicate that 
this definition will always result in a constant frac- 
tion of the population being in poverty. This state- 
ment is correct only if the shape of the income 
distribution remains constant, at least for that por- 
tion of the distribution below the median income. 

Part 2 consists of a series of essays. The first 
essay relates the many descriptive studies of the 
bases for regional growth to some of the more theo- 
retical literature from general economics. One is 
impressed by the descriptive nature of the agricul- 
tural economics literature and by the differences in 
emphasis among authors. 

The second essay questions the widely used 
Pareto optimality model but notes that it is com- 
monly used in the literature. In this essay, as in the 
previous one, the lack of attention to the Marxist 
paradigm may be noted. From a world perspective, 
the Marxist paradigm is used by many agricultural 
economists as they study problems of rural devel- 
opment and regional growth. There is also surpris- 
ingly little attention given to the distribution of 
power, either economic or political, and its impact 
on rural development. 

The third essay concerns rural-to-urban migra- 
tion and population distribution patterns. It reads 
more like a personal essay than a literature review. 
The authors provide extensive references but fail to 
integrate them into the essay. The close relation- 
ship of migration patterns and settlement patterns is 
emphasized. Two migration triads are presented 
and synthesis is attempted. Unfortunately, there is 
inadequate discussion on how one would relate the 
synthesis to potential empirical models and real- 
world data. 

In part 3 an interesting, intellectual genealogy of 
natural resource economics is provided which of- 
fers a perspective often lacking in literature re- 
views. The profession is challenged to change in- 
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stitutions from exogenous to endogenous compo- 
nents of the model. This challenge is well developed 
and should provoke further research in an espe- 
cially productive area for the future development of 
agricultural economics. 

There is some unevenness in part 4 which sug- 
gests that individual authors may have been re- 
sponsible for a specified portion of the total review. 
The final integration reflects some differences in 
style and perspective. 

On page 507 the authors indicate that evaluation 
of progress in the published literature involves de- 
termining whether or not the literature contributed 
to our knowledge of and ability to understand the 
phenomena that comprise agricultural marketing 
and the extent to which the literature serves as a 
basis for government policy aimed at increasing 
socia] welfare. Apparently literature which contrib- 
utes to private decision making is of no value, even 
if improved private decision making leads to an 
increase in social welfare. Within the paragraph 
there is an apparent contradiction where the au- 
thors later indicate that "advances in knowledge 
are sought mainly because they support higher 
levels of living.’ However, on page 553 the authors 
again indicate that ''it is not sufficient to evaluate 
observed performance without at the same time 
assessing what performance would be under alter- 
native government policies.” 

Marketing orders and agreements are not treated 
in a separate section but are discussed briefly in the 
section on cooperative enterprises. I would have 
preferred increased emphasis on that topic as well 
as on futures markets. In view of the large growth 
of futures markets in recent years for both agricul- 
tural and nonagricultural commodities, scholars 
need to understand how futures markets have per- 
formed for traditional agricultural commodities. 

There is some duplication in parts 1, 2, and 3 of 
this literature review. For example, income dis- 
tribution is discussed, albeit from a different 
perspective, in each part. A topic index might have 
been a useful addition for the reader interested in 
pursuing topics across the divisions used in organiz- 
ing the book. 

Several chapters suffer because they probably 
were completed several years prior to publication 
since the most recent literature cited often was 
dated 1977. Perhaps the editor should have indi- 
cated the dates the manuscripts were received in 
final form. Jansma et al. added a postscript to re- 
flect some of the more significant literature pub- 
lished after their review had been completed. 

In summary, this is an excellent book. The 
deficiencies are minor relative to the wealth of liter- 
ature citations and the cogent summarization of 
significant findings in each of the several fields. The 
authors and the editor are to be congratulated for a 
job well done. 

Lester V. Manderscheid 
Michigan State University 
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National Research Council. Surface Mining: Soil, 
Coal, and Society. Washington DC: National 
Academy Press, 1981, xiii -- 233 pp., $11.50. 

This new study is a good follow-up to a predecessor 

National Resource Council study entitled Rehabili- 

tation Potential of Western Coal Lands (1974), 

benefitting from six additional years of research and 

experience in reclaiming surface-mined lands and 
pioneering national legislation (Surface Mining 

Control and Reclamation Act of 1977). The book 

addresses the effects of coal surface mining on soil 

from two major perspectives—institutional (chaps. 

1-4) and scientific (chaps. 5-7). Each perspective is 

well-treated, though the linkage and transition be- 

tween the two perspectives appear somewhat dis- 
jointed. 

The study develops the institutional perspective 
on reclamation using some concepts from environ- 
menta] economics and social choice theory, for ex- 
ample, the need to internalize the external costs 
associated with surface mining and intergenera- 
tional equity concerns. To the extent that these 
costs are not reflected in market prices, collective 
decisions, such as the Surface Mining Control and 
Reclamation Act, are made to correct the external 
costs and resulting inefficiency in resource use. The 
study appears to have missed an opportunity to 
contribute in analyzing the effectiveness of the 
legislation in efficiently allocating resources, in 
equitably sharing the costs of reclamation, and in its 
implications for private property rights. With re- 
spect to the latter point, one might argue that the 
Surface Mining Control Act does not reassign prop- 
erty rights from the private to the public sector but 
rather narrows private property rights to land by 
restricting the exercise of those rights. The study 
offers alternative approaches to controlling surface 
mining effects, such as replacing design standards 
with performance standards, developing a new sys- 
tem of economic incentives, and developing new 
forms of property and institutions. À minor point 
applicable here is that the study is a little repetitious 
in some parts. One example of this is the discus- 
sion of alternative approaches to reclamation. 

From a scientific perspective, the Council rec- 
ommends the adoption of an ‘‘appropriate’’ ap- 
proach to reclaiming the nation's coal-bearing 
lands, assuming that an appropriate goal for recla- 
mation is to ensure that society does not lose impor- 
tant land use opportunities that were available prior 
to soil disturbance. The ‘‘appropriate’’ approach to 
reclamation is not simply the proper replacement of 
soil horizons but rather regaining or bettering the 
productivity of premined soils. In other words, re- 
clamation should aim at establishing physical, 
chemical, and biological processes conducive to 
productivity rather than merely replacing the soil in 
the order in which it was found. The questioning of 
society’s goal in reclamation and stressing results 
rather than the method of soil replacement is inci- 
sive and a contribution to analysis. 
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Chapters 5-8 deal with the soil characteristics in 
the coal-bearing regions (Appalachia, Midwest, and 
West), the reclamation strategies, and the costs of 
reclamation and are particularly useful and informa- 
tive. Several reasonable and innovative suggestions 
are offered for ‘consideration. For example, land 
should be reclaimed to the contour most advan- 
tageous for its final use regardless of whether the 
contour approximates the original one. Also over- 
developed soils, such as those in Appalachia, may 
be rejuvenated by mining, and productivity possi- 
bly equaled or exceeded where high quality sub- 
stratum is available. Periods of five to ten years 
may be too short to achieve species diversity. 
Rather, the appropriate criterion for successful rec- 
lamation may be ecosystems in intermediate suc- 
cessful stages, tailored to the individual mining site. 

Continuing with the scientific perspective, the 
study also addresses soils and hydrologic balances 
from the standpoint of infiltration capacity. It would 
have added to the comprehensiveness of this study 
if hydrologic balances would have included a sum- 
mary of the research on reestablishing groundwater 
flows in replaced overburden after water-bearing 
coal seams are removed. 

In examining reclamation costs for the three 
major coal-bearing regions, the study concludes 
that current estimates are on the high side, though 
they should be reduced with experience and econ- 
omies of scale. It further concludes that mining in 
areas where reclamation is relatively easy and in- 
expensive should be encouraged and that standards 
required to protect fragile lands in one region 
should not be required in all regions simply to main- 
tain equity among regions. 

The treatment of reclamation from the two 
perspectives is extensive and well done. Because 
the study also summarizes much recent research on 
reclamation results and costs, it is an excellent up- 
to-date reference for one’s personal library. For 
those readers not totally captivated by the technical 
aspects of surface mining on soil, chapters 3 and 4 
offer a convenient summary of surface mining as a 
collective-choice issue and alternative policy in- 
struments in dealing with the external costs asso- 
ciated with mining. Surface Mining is a solid base 
upon which to rethink our national policy on sur- 
face mine reclamation. 


Constance Boris 
University of Michigan 


Schmandt, Jurgen, et al. Nutrition Policy in Transi- 
tion. Lexington MA: Lexington Books, 1980, xxv 
+ 289 pp., $29.95. 
This book deals with the nutrition problems in soci- 
ety that affect health and productivity and gov- 
ernmental policies designed to alleviate those prob- 
lems. It provides a comprehensive review of nutri- 
tion issues, describes current policy approaches to 
deal with these concerns, and proposes a set of 
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goals to assist in the development of a new nutrition 
policy. The book evolved from a series of student 
research papers produced as part of the Nutrition 
Policy Research Project at the Lyndon Johnson 
School of Public Affairs at the University of Texas. 

The ‘‘transition’’ in the book's title refers to a 
change in the types of nutrition issues that might be 
addressed by public policy makers. Existing pro- 
grams and policies deal primarily with problems of 
underconsumption or of otherwise inadequate diets 
usually associated with poverty. The poverty-re- 
lated nutrition problems that gave rise to current 
food assistance and nutrition programs still exist. 
However, interest in nutrition policy now extends 
beyond nutrient deficiencies and poverty-related 
problems. These new interests stem primarily from 
research on relationships between food consump- 
tion behavior, particularly overconsumption, and 
human health and productivity. For example, as- 
sociations between diet and the incidence of major 
diseases, including cardiovascular diseases, ar- 
thritis, and some forms of cancer have been estab- 
lished. 

The stated topic of this book is the development 
of new goals and strategies for this more com- 
prehensive nutrition policy. Most of its pages, how- 
ever, are devoted to descriptions of existing pro- 
grams and policies. This background information, 
all presented in a well-documented and readable 
fashion, is the strength of the book. 

The book is a useful reference for students of 
nutrition policy or persons wishing to become famil- 
iar with nutrition-related programs. Chapters cover 
what is known about the nutritional status of the 
population, the policy environment in which nutri- 
tion interests must operate, and federal and state 
nutrition programs. Also included are chapters 
summarizing current knowledge on the relationship 
between diet and health and on the state role in 
developing nutrition policies and programs. The 
state of Texas is used as a focal point in much of the 
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discussion. The examination of the state role is 
particularly interesting in light of current reductions 
in federal food assistance programs and the transfer 
from the federal to state governments of some pro- 
gram responsibilities and resources. 

While supplying useful information and analysis 
of the current state of affairs, the authors are less 
successful in providing a rationale for, or guidance 
in, the ‘‘transition’’ to a new nutrition policy. It 
may be evident to most people that diet affects 
health far beyond the avoidance of nutrient 
deficiency diseases. For example, many believe 
that changes in the current American diet, such as 
substantial reductions in consumption of sugar and 
fat, would improve the general state of health. 
Nonetheless, it is not clear that we know enough 
about these more subtle aspects of the diet-health 
relationship to begin to fashion public policies or 
programs to alter food consumption behavior. Nor 
is it clear that any attempt to change diet patterns - 
beyond providing information for informed choices 
is appropriate. 

General discussions of a new nutrition policy, 
such as are put forth in this book, are not prema- 
ture, though the large gaps in our knowledge about 
food consumption behavior and the diet-health link 
make development of a more comprehensive policy 
difficult. A guide to practical policy development is, 
perhaps, too much to expect, given the often tenta- 
tive nature of research results on the implications of 
diet choice on health and productivity. A clearer 
picture of effective and appropriate public policies 
should develop as behavioral and epidemiological 
research results on the diet-health link become less 
tentative. This book provides a good beginning, 
though, by supplying essential background material 
and by raising appropriate issues. 


Roger Hitchner 
Congressional Budget Office 
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